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INTRODUCTION 

TO    THE    FIB8T    EDITION. 


There  exists  no  special  work  on  locomotive  engines. 
Two  writers,  Wood  and  Tredgold,"  have  indeed,  in  Eng- 
land, slightly  touched,  upon  that  matter,  but  only  in  a 
subordinate  manner,  in  treatises  on  railways;  and,  be- 
sides, they  both  wrote  at  a  time  when  the  art  was  scarcely 
beyond  its  birth.  Consequently  their  ideas,  their  cal- 
culations, and  even  the  experiments  they  describe,  have 
hardly  any  relation  to  the  facts  which  actually  pass  before 
our  eyes,  and  can  be  of  no  use  to  such  as  wish  to  acquire 
a  knowledge  of  these  engines  and  their  employ  on  rail- 
ways. 

Many  questions  had  not  even  been  entered  into,  others 
had  been  solved  in  a  faulty  manner.  New  researches  on 
the  subject  became  therefore  indispensable.  This  work 
will,  in  consequence,  be  found  completely  different  from 

1  *  A  Practical  Treatise  on  Railroads,  and  Interior  Communi- 
cation in  general,  by  Nicholas  Wood.'  1st  edition,  London, 
1825;  2d  edition,  London,   1832. 

'  A  Practical  Treatise  on  Railroads  and  Carriages,  by  Thomas 
Tredgold."  London,  1825. 
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thing  that  baa  been  published  hitherto.  No  (acts  will 
be  quoted]  but  mch  as  result  from  actual  observation  ;  no 

rimenta  related]  but  thoaa  made  by  the  author  hhaaeU^ 
mi  u  new  plan,  and  with  new  abna;  finally,  no  theory 

exposed,  but  such  as  is  derived  from  those  »-n ji'-riiiu-iits. 

If  at  first  sight  it  appear  astonishing  that  no  theory 
of  locomotive  engines  should  exist,  the  surprise  ceases 
on  considering  that  the  theory  of  the  steam  engine 
itself,  taken  in  general,  has  not  yet  been  explained.  It 
was  natural  to  suppose,  that,  respecting  a  machine  at 
present  in  such  univi  I  and  on  a  subject  of  lOCA 

importance,  every  thing  had  been  said,  and  every  expla- 
nation given  long  ago.  Far  from  this  being  the  case, 
however,  not  even  the  mode  of  actjon  of  the  steam  in 
these  engines  has  been  elucidated.  In  the  absence  of  such 
indispensable  knowledge,  all  theoretical  calculations  were 
impossible.  Suppositions  were  put  in  the  place  of  i 
In  consequence,  wc  have  seen  very  able  mathematicians 
ptopoae,  on  the  motion  of  the  piston  in  steam  engi 
analytical  formula?,  which  would  certainly  be  exact,  if  all 

*  went  on  in  the  engine  as  they  suppose;  but  v. 
not  being  founded  on  n  true  basis,  fall  naturally  to  the 
ground,  in  presence  of  facts.      From  thin  also  results 
in  practice,  the  pro|K>rtions  of  the  engines  have  01 
ili'trruiiniil  l>y  rejjeAted  trials,  and  that  the  art  of   con- 
structing them  lias  proceeded  hitherto  in  the  dark,  and  by 
irnitnl 

Locomotive  t  of  all  ateam  .  we 

cannot  advance  in  the   researches  we  undertake,  with. nit 

ug  at  the  same  time  the  rp  i  sti  m  relating  to  steam 

engines  in  general.     There  is  even  a  reonuicabb  jwint  to 
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be  observed,  which  is,  that  of  all  sorts  of  steam  engines, 
locomotive  DM  "ire  those  which,  in  their  applirntion,  have 
tO  overcome  the  least  complicated  rCflUtftDl W •-  ami  'lie  most 
;>i.il)le  of  »  rigorous  apprci  i.itnn.  This  circumstance 
renders  them  therefore  more  ptopCC  than  iiny  others,  for 
furnishing  an  explanation  of  general  facta  common  to  all 
those  machines.  The  theory  once  satisfactorily  established 
in  regard  to  locomotive  engines,  will,  of  course,  apply 
equally  to  all  sorts  of  steam  engines,  and  more  especially 
to  those  which,  like  locomotive  ones,  work  at  a  high 
pressure. 

We  natter  ourselves,  therefore,  that  our  researches, 
although  apparently  confined  to  locomotive  engines,  may 
at  the  same  time  illustrate  the  principal  points  of  the 
theory  of  steam  engines  in  general. 

However,  in  order  to  indicate  clearly  the  design  of 
work,  and  to  show  in  what  it  differs  from  those  that  I 
preceded  it,  we  think  proper  to  enter  here  into  some 
particulars  as  to  the  points  on  which  we  have  new  re- 
searches to  offer,  either  theoretical  or  experimental.  It 
will  be  seen  that  those  points  embrace  nearly  the  whole 
■obje 

The  pressure  of  the  steam  in  the  boiler  had  been,  till 

now,  considered  as  invariable   in   every  engine.     It  was 

calculated  once  for  all,  and  by  approximation,  according 

be  might  on  the  valve.     A  great  number  of  obscr- 

ns  will  show,  however,  how  much  it  varies  during  the 

motion  of  the  engine,  and  how  necessary  it  is  to  take  that 

[instance  into  consideration,'  and  to  make  use  of  B 

more  exact  mode  of  determination,  lest  the  calculation 

should  be  entirely  founded  on  an  erroneous  basis. 
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The  friction  of  the  waggOM  was,  until  now,  valued  much 

too  high.     This  error  naturally  rendered  every  calculation 

misleading  with  regard  to  the   true   resistance 

in.    Ii\  the  engines.    A  great  number  of  experiments 

Oil  waggons,  alone  or  united  in  considerable  trains,   will 

have  for  their  object  to  ihow  the  real  value  of  the  friction. 

Tin  iv  <it  ioOQB)  ii''-  engines  was  still  an  un- 

i  qtratkra.    Ive  beve  endeevonred  to  determine  it 

)>>    three  dilli-nut    pioceaaes,   which   may  serve,  to  verify 

h  otnori 

The  additional  friction  created  in  the  engine  by  the  load 

ii   ih.iw..  if  yet  l>een  submitte<l  to  any  imestiga- 

We  shall  present  numerous  experiments  on    that 

suhj< 

llu-  i  ui  i  determination  of  the  pressure  of  tlie  steam  in 

was  necessary  to  explain  the  mode  of  action 

.  as  wcl]  as  that  of  steam  engine!  in 

general,  and  to  calculate  the  work  they  can  perform  in 

different  circumstances.     The  erroneous  ideas  admitted  in 

that  respect,  were  il»'  origin  of  all  the  faulty  calculations, 

Which  experiment  ted.     Vft  trust  that  the  simple 

detfoo   of  that  point  will  in  a  manner  lay  open  the 

i  the  engine. 

'Hie  rvn|M>rating  puwer  of  the  engines  was  an  clrn 

on  which  no  experiment  had  yet  been  made,  which  was 

not  even  introduced  in    the   calculations,  and   on   which, 

however,  definitively  depends  the  effect  these  engines  are 

to   produce.     Brperimentl   made   on   that   sobj 

i  a  great  number  of  engines,  will  be.  found  in  this 

work. 

An  analytical  equation,  that  might  be  adapted  to  solve 
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the  general  problem  of  loeomotire  enghtee,  was  entircly 
wanting;  that  is  to  say,  in  equation  by  uhi.h  Bright 
known  &  priori,  either  the  efloeti  "f"Hi*g  from  the  g 
proportions  of  an  engine,  or,  vice  rertd,  the  proportions 
that  ought  to  bo  adopted,  in  order  that  predetermined 
effects  in  regard  to  load  or  speed  may  be  obtained.  The 
hitherto  made  to  come  to  a  solution  of  this  question, 
bonded  on  a  false  principle,  had  produced  formula: 
in  evident  contradiction  with  fact*.  A  rule  had  even 
adopted,  according  to  which  the  practical  power  of  an 
engine  was  considered  as  equal  to  the  third  part  only  of 
its  calculated  or  theoretical  power;  whereas,  the  whole 
applied  power  must  evidently  appear  in  the  effect  pro- 
duced, and  wc  shall  sec  that  it  really  docs  appear  in  it. 
This  imaginary  rule  is  a  sufficient  proof  of  the  error  of  the 
■  ■;il i •diituius  that  were  used,  and  could  only  lead  to  dis- 
■ppointmentt  hi  practical  application*.  Engines  were 
iructed,  but  the  effect  that  they  would  produce  was 
Unknown.  By  the  introduction  of  a  new  element  of  cal- 
culation, wrongly  neglected  until  now,  viz.  the  vaporizing 
power  of  the  engines,  it  will  be  seen,  that  that  question  a 
solved  in  the  most  simple  manner  possible.  From  that 
equation,  and  amply  by  measures  taken  00  the  muchine, 
and  load  of  a  locomotive  engine  may  be 
immediately  found,  and  vice  versa,  the  proportions  which 
ought  to  be  given  to  it,  to  make  it  answer  any  intended 
purpose.  A  great  number  of  experiments,  made  in  | 
daily  practice,  will  show  the  accuracy  of  the  formula-. 
This  is,  at  the  same  time,  tin-  theory  of  all  high-pressure 
steam  engine 

Several  secondary  dispositions  of  the  mechanism  of  the 
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engines  hail  im'   ft  t    been  studied.      It  will,  however,  l>c 

Men  that  they  arc  apt  to  deprive  the  machine,  in  certain 

instances,  of  as  much  as  a  fourth  part  of  its  power. 

The  effect*  of  these  dUjiositions,  ami  in  particular  of  that 

which  is  called  the  lead  of  the  slide,  will  be  submitted  to 

calculation,  and  the  results  verified  by  special  experiment*. 

TImj  resistance  proper  to   the   curves  of  the   railway 

deserved  also  to  fix  our  attention.     Wc  shall  endeavour  to 

>  ;curately  the  form  of  the  wheels,  and  the  disposition 

of  the  rails,  by  which  that  resistance  may  most  effectually 

Ih:  remedied. 

The  consumption  tif  fuel  according  to  the  load  had 
been  determined  in  I  satisfactory  manner,  and  the  rule 
proposed   was   contrndirii  il    by   the    experiment.       This 
will   be  established  in  a  different  maimer,    ami 
the  results  confirmed  by  facts. 

The  researches  00  titrate  points  were  made  on  tv> 
different  ongtnMj  and  numerous  experiments  wen-  under- 
taken on  each  branch  of  the  subject. 

Tl»e  method  constantly  followed  consists  in  taking,  first, 
tin-  |>imiary  elements  of  tin-  question  from  direct  experi- 
:  ;  thru  making  use  of  those  el  to  establish  I 

calculation  in  conformity  with  theoretical  principles;  and, 
lastly,  subiiui  results  to  fresh  and  special  experi- 

ments, in  order  to   obtain    UMbT   verification.      For  the 
furtli  lion  of  the  formibc,  they  are  each  time  care- 

fully submitted   to    particular  applications;    and,   finally, 
1  the  dm  "f  the  work  t<<  persons  wli*  may  wish 
ml  tin-  results  without  ealoulstions,  the  formulas  we 
followed    by  pinrlirnl  Tables,  v.nl.,Me  lo  I  he  cases  whieh 
ir  Uie  must  fre<|Ueiitly  in  practice. 
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Fi   (Iocs  nut  enter  into  the  plan  wc  have   traced   onr- 
■  i  i.i  •..  to  give  an  elaborate  description  of  thi 
U»c  measures  of  its  different  except  th' 

fur  the  researches  we  undertake.    Bush  considered 

WOOld  lead  us  too  far,  and  COBOgO  more  particularly  works 
on  construction.  In  like  manner,  the  figures  of  the  Plate* 
added  to  our  work  are  only  meant  as  illustration  of  the 
text.     They  would  be  too  imperfect  for  any  other  obj 

The  untrodden  path  in  which  we  have  been  forced  to 
enter,  may  have  led  us  into  some  error.  Wc  by  no 
means  protend  to  have  produced  a  perfect  work,  and  wc 
claim  indulgence  for  the  mistakes  which  may  have  escaped 
us  in  so  new  a  subject.  Our  chief  aim  was  to  be 
useful,  while  seeking  a  study  congenial  to  our  taste,  and 
occupying  the  leisure  of  an  inactive  life.  Early  devoted 
to  other  pursuits,  belonging  to  a  family  for  several  gene- 
rations engaged  in  the  military  career,  and  the  son  of 
a  General  of  Artillery,  whose  footsteps  had  naturally 
traced  our  direction,  our  studies  would  not  have  taken 
that  turn,  had  we  BOt  been  struck  by  the  powerful  effects 
of  the  moter  we  are  going  to  describe,  and  by  the  im- 
portant part  it  must  necessarily  Ml  in  modern  civilisation. 
"We  thought  our  work  would  at  least  have  this  result,  to 
call  the  public   attention  to  the  subject.      \  feel 

happy  if  we  have  succeeded  hi  some  of  our  researches  ; 
and  happy  also  if  others,  in  correcting  our  errors,  shall 
at  least  elucidate  the  facts  upon  which  wc  have  called  I 
attention. 

All  the  experiments  related  in  the  work  were  made  by 

with  all  the  cere  end  attention  they  required. 

Some  were  made  in  company  with  engineers  of    known 
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talent  and  ability,  ns  Mr.  J.  Locke,  of  the  Grand-Junction 
Railway,  and  Mr.  King,  of  the  Livcqwol  Gas  Works. 
We  give  them  in  nil  their  details,  vritli  a  view  that  every 
one  may  ju<lgc  of  their  accuracy ;  Bid  we  mention  the 
<!;ite  of  each  experiment,  in  order  to  facilitate 
then  verification  by  referring  to  the  books,  in  which  is 
registered  the  weight  of  each  of  the  trains. 

In  regard  to  the  facility  we  had  of  making  these  nu- 
merous experiments,  we  must  say  that,  having  applied  to 
the  heads  of  the  most  important  concerns  of  the  sort  in 
Bnglndj  wv  were  permitted,  without  restriction,  to  pene- 
trate into  the  workshops,  to  take  every  measure,  to  OolltCl 
all  the  documents  concerning  the  expenses,  tad,  last! 
make  any  experiment  that  npjicared  necessary  to  us. 

It  is  with  pleasure  we  acknowledge  in  the  English 
chnractcr  the  liberality  wc  have  found  in  the  whole  course 
of  our  investigations. 

To  'hi-  (Headship  of  Mr.  Hnrdman  Enrle,  one  of  the 
Directors  of  the  Liverpool  tod  Manchester  Railway,  we 
owe  in  particular  our  warmest  thanks.  His  obligingness 
r  abated.  Possessing  nil  the  qualities  of  SO  enlight- 
ened mind,  he  liked  taking  a  part  in  researches  which 
appeared  to  him  conducive  to  the  progress  of  sen 
and  lie  permitted  us  to  use  all  the  engines  and  waggons  of 
the  railway.  'Hie  beauty  of  these  engines,  their  numl>er, 
which  is  not  less  than  thirty,  the  care  with  which  they  are 
kept,  and  the  immense  trade  on  that  line,  which  i-ivcs  the 
facility,  without  interfering  with  the  business  of  the  rail- 
way, to  select  loads  for  experiments  as  considerable  and 

i^ht  as  OM    wishes,    make   that  place   the   only 
p<  rbapa,  in  tin'  world,  whom  experiments  on  a  great  scale 
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m.iy  Ik-  made  witb  the  same  precision  m  fan  general  em 

only  be  obtained  by  a  small  apparatus.  It  is  for  thai 
reason  we  preferred  that  railway  to  any  other  at  present 
in  activity,  either  in  France  or  in  England. 

The  same  facilities  were  also  offered  us  by  the  Directors 

of  the   Stocktun    and    Darlington    Railway.       Interesting 

ming   flie   repairs   and    expenses   of   all 

sorts,  incurred  by  that  Company,  were  obligingly  i 
munioetod  to  us.    \\Y  on  hhgataon  to  the  liberal 

authoriiatinu   of   Mr.   .1.    Pease.    M.P.,   Chairman     of    !  i  .■' 

d  to  the  unremitting  attentione  at  Mr.  tb 
B.  Dockray. 

Wt  have  studied  the  subject  wiih  all  the  inlcn-sf,  and, 
we  might  say,  with  all  the  enthusiasm  it  excited  in  0*.  In 
i:u  t,  what  a  subject  for  admiration  is  such  a  triumph  of 
,'cncc !  What  an  imposing  sight  is  a  locomo- 
engine,  moving  without  effort,  with  a  train  of  40  or  50 
loaded  carriages,  each  weighing  more  than  ten  thousand 
pounds  I     What  are  henceforth  the  it  loads,   with 

machines  able  to  move  such  enormous  weights  ?  What  an 
distances,  with  motcrs  which  daily  travel  80  miles  in  an 
hour  and  a  half?  The  ground  disappears,  in  • 
under  your  eyes;  tree-*,  houses,  hills,  are  oanied  away 
from  you  with  the  rapidity  of  an  arrow;  and  when  you 
happen  to  cross  another  train  travelling  with  the  same 
velocity,   it  seems   in  one  and   the  same  moment   to  dawn, 

ipproacfa,  and  to  touch   you;  and   scarce.;. 
seen  it  with  dismay  pass  before  your  eyes,  when  already 
it   is   again   become   like  a  speck   disappearing    at    the 
borin 

On  the  other   hand,   how  encouraging   is   the   evident 
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prosperity  of  tboae  fine  MtabUabuMBts I    How  satisfactory 

n    is  it  i  Ih>  proof  that  the    Liverpool  and    Man- 

or Railway  produces  9  |m-i  rent,  interest,  and  the 
Stockton  and  Darlington  ID  equal  pmlit !  With  what 
confidence  must  we  not  anticipate  the  future  state  of  such 
undertakings,  when  we  know  that,  besides  the  above- 
mentioned  annual  interest,  the  shares  of  the  Liverpool 
Railway  have  risen,  in  four  years,'  from  £  100  to  £210; 
and  those  of  the  Darlington  Railway,  in  eight  years,  from 
£100  to  £300?  What  may  not  society  at  large  expect  in 
future  from  this  new  industry,  which  will  augment,  ten- 
fold, the  capital  and  produce  of  the  country,  by  thl 
irniiniisc  influence  of  speedy  Mid  economical  conveyance! 
It  is  then  with  die  liveliest  wish  to  sec  this  new  branch 
of  industry  diffused  as  il  merits,  t hut  \vc  have  undertaken 
work  which  we  now  present  to  the  public. 


1  The  tint  olii'    i  *  I  t)u»  work  appeared  in   French,  in  the 

..|  1X35. 


INTRODUCTION 

TO     THE     SECOND     EDITION. 


The  Introduction  to  the  first  edition,  which  is  here 
reprinted  such  as  it  was  published  in  1R35,  exposes  the 
plan  we  had  proposed  to  ourselves  in  this  work,  and  tin- 
f;u ilities  that  were  afforded  us  for  studying  the  subject. 
But  ax  a  first  essay  necessarily  falls  short  of  what  is  to  be 
denied,  we  have  since  devoted  ourselves  to  new  re- 
searches, to  endeavour,  as  far  as  in  us  lies,  to  supply  the 
ticks  which  at  first  we  could  only  indicate. 
This  task  we  began  in  the  month  of  August,  1836,  as 
will  be  seen  by  the  dates  of  the  experiments  which  will  l>c 
presented  in  /he  work.  Unable,  at  the  period  of  our  first 
edition,  t<>  find  :i  satisfactory  means  of  separating,  in  our 

experiments,  the  resistance  of  the  air  against  the  trains, 
from  the  friction  proper  to  the  waggons,  we  were  con- 
strained to  take  account  of  that  resistance  at  an  average 
velocity  of  \2  to  15  miles  per  hour,  leaving  it  united  to 
tin;  fi  f  the  waggons,  that  is  to  say,  giving  a  valu- 

ation of  those  two  resistances  together  at  that   velocity. 
Hut  recognising  the  want  of  a  more  precise  determine 
<>f  tin-  special  value  of  each  of  those  two  resistances,  we 
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rtook,  in  tin-  month  of  An v -r .  !-.';.  ..r.  tlio  tdTSTpOOl 

mid  Manchester   Railway,  a  series  of  cxperii:  DDta  "n  llir 

subject,  and  published  the  results  of  them,  blended  with 

other  mutters,  in  a  series  of  papers  printed  in  the  Compiet 

hi  of  the  sittings  of  the  Academy  of  Sciences  of  the 

DOh    IiiMtitut  of  1S.I".      Anil    indeed   wc   wcrv    mi    | 

d  to  find  in  Is?!),  in  the  proceedings  of  the 

British  Association  for  the   Promotion  of  Scicm 

liy   an    BngUafc    Professor,   who,   without    noticing 

thene  ulterior  ram  hhneelf  whk  the 

i  already  published 

mcltW)  and  remedied  long  since;  and  who,  in  fine, 
pOMd  a  new  valuation  of  the  rttistuce  I  I   the  trains, 
according  to   which,  far    from   separating   the   resistance 
of  the  air  from  the  friction  of  the  waggons,  he  pretended 
on  the  contrary  that  the  separation  was  impossible  in  the 
present  state  of  science  on  the 
The   c\|)erimcnts   which   wc   undertook   at   the    I 
d   OB   Dm   Liverpool   and   Manchester  Railway,  com- 
prise also  several  other  researches,  such  as  the  pressure 
against  the  piston  caused  by  the  action  of  tin  M^t-pipe, 
the  vaporisation  of  boilers  in  different   circumstances  of 
treat  and  0  «,  the   effeota  of  a  different  proiwrtion 

lietween  the  fire-box  ami  the.  tubes,  on  the  total  vapor- 
isation of  the  Utd  Oil  itB  consumption  of  fuel,  he. 
The  results  of  the  greater  pert  of  these  experiments  have 
licen  communicated  separately  to  the  Acndemy  of  S>  i> 
in  the  enurae  of  the  years  [986,  1889,  and  1840,  Utd 
printed  in  the  Omptrs  rmtlu*.  but  they  are  new  collected 

in  tbil  edition,  ami  so  arranged,  as  to  complete  as  much  as 
possible  the  data  already  offered  on  locomotive  engine*. 
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Wt  could  have  wished  all  these  researches  to  be  quite 
conclusive;  but  we  do  not  dissemble  that  many  among 
them  are  as  yet  but  very  incomplete,  that  they  require 
further  study  and  more  varied  observations.  Such,  how- 
ever, as  they  are,  we  yet  think  them  capable  of  leading 
to  useful  results;  and,  at  all  events,  they  will  have  the 
advantage  of  pointing  out  the  road  to  other  experimenters 
on  the  same  subjects.  We  shall  be  among  the  first  to 
receive  with  eagerness  the  new  lights  which  their  labours 
may  elicit. 

The  publication  of  another  work,  the  subject  of  which 
.-i]i|Huired  to  us  to  be  very  important,  the  Theory  of  the 
Steam  Engine,  prevented  us,  till  now,  from  bringing  out  the 
second  edition  of  the  Treatise  on  fjoeomotiee  Engines, 
though  the  first  had  long  been  out  of  print.  The  adoption, 
by  a  great  number  of  authors  and  engineers,'  of  the  theory 
and  i\]n  riim-ntal  determination*  contained  in  the  first 
edition,  unci  the  re-production  of  the  work  in  England,  in 
America,  and  in  Germany,  seem  to  us  an  ample  reward 
for  tl]  the  application  and  labour  it  ha*  cost  us.  But  as 
some  authors,  in  rendering  an  account  of  our  researches, 


1  In  France,  M.  N'avier,  member  uf  the  Ituiitut ,-  in  Englaud, 
Professor  Whcwell,  of  the  Royal  Society  of  I.ondon,  in  the  fifth 
edition  of  his  TVeafisr  on  Mechanics;  in  Prussia,  M.  Crcllc,  of  Uie 
Royal  Society  of  Sciences  of  Berlin,  He,  have  adopted  these  re- 
searches ;  and  in  the  third  edition  of  hi*  work  on  Railways,  London, 
1838.  Mr.  Nicholas  Wood  hn»  inserted,  in  detail,  not  only  all  the 
experimental  determinations  of  the  Trealit*  on  Locomotive  Engine*. 
but  even  the  theory  of  that  engine  developed  in  the  same  work, 
acknowledging,  in  a  slip  expressly  added  at  the  head  of  that 
edition,  the  source  from  which  he  took  that  theory. 

b 
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have   given    »  mislnki  s  of  than,  or  have  drawn 

from    them    OOONqUtnOM    which    we    ran  not    admit.    we 
deem    ii    nCOOWtry    td   mtar   btta  MOM    details    on    this 

subject. 

In  the  edition  published  10   I8S8,  bj  Mr.  WbolhOPOOj 

of  Tredgohl's  ','nik  on  the  Steam  Kugiuc,  page  1W5  of  the 
Appendix  tOTj  0  filing  to  give  a  succinct  analysis  of 

our   Unary  of  the  St*  ■  the  same  an   will   he 

found  developed  in  Chapter  -MI-  Of  this  work,  hut  *|>e- 
rially  applied  t<>  locomotive  |  Dgines,  says  that  our  theory 

be  briefly  explained  thus:  if  the  evaporating  power 
of  the  trailer  he  eapahle  of  supplying  a  greater  quant  i' 
steam,  «t  the  required  pieerare,  than  is  contained  at  the 

of  the  piston,  it  is  evident  that  the 
pressure  of  the  steam  in  the  boilei  "ill  gradually  iucreaee, 
provided  no  portion  i«  supposed  to  escape  through  the 
safety-valve  or  otherwise.  This  increasing  pressure  will 
gradually  accelerate  the  velocity;  and  finally,  when  the 
engine  attains  her  permanent  speed,  the  quantity  of  steam 
consumed  in  the  cylinder  and  supplied  through  the  steam  - 
pi|>e,  must  evidently  correspond  with  the  quantity  eva- 
porat  In"   hoiler.      Thus   the   author   pretends   to 

introduce  a  new  element  into  the  calculation,  viz.,  the 
evaporating  power  of  the  boiler,  which  again  is  to  be 
tjttineted  by  Ike  oeentitj  of  fin  lorJaeej  and,  the  <iiu-.it  y 
of  steam  at  a  given  temperature  being,  according  to  the 
law  of  Boyle  and  Mariotte,  proportional  to  the  pressure 
and  inversely  as  the  volume,  as  in  the  case  of  gases,  the 
evaporating  power  is  measured  by  the  volume  of  steam, 
generated  in  a  given  time,  multiplied  into  its  pressure. 
I  a  mode  of  proceeding."  continues  Mr.  Woolhouse, 
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"  dors  not  involve  any  new  doctrine  or  any  principle  that 
hud  not  been  laid  down  by  Trcdgold  in  the  first  edition  of 
his  vviir'. 

If  our  theory  were  really  represented  by  this  analysis, 
ligbl  j.irli.i]i-.  tgttt  tl  at  it  would  offer  but  little  differ- 
ence to  that  of  Tredgold;   but  00   recurring  to  Chapter 
XII.  of  this  edition,  and  more  especially  to  our  work  On 
the  Theory  of  the  Sfam  Engine,  in  which  the  differences 

Id   1 1 ry  and  our  own  are  pointed  out  in 

detail,  rod  for  the  divers  kinds  of  steam  engines,  it  will 
he  at  once  recognised  that  this  pretended  explanation 
cannot  give  the  slightest  idea  of  our  theory ;  that  a  most 
important  principle  in  it  consists  in  the  determination  of 
the  pressure  of  the  steam  in  the  cylinder  and  its  intro- 
duction in  the  equation-.  I  point  which  is  not  even  alluded 
|0  in  tie  foregoing  explanation;  that  the.  old  theory,  by 
coefli  Mich  as  is  used  by  Tredgold,  can  lead  only 

to  errors;  that  it  gives  the  load  of  the  engine  inde- 
pendently of  the  velocity  of  the  piston,  supporting  there- 
fore that  the  engine  will  always  move  the  same  load  at 
any  velocity :  that  it  gives  the  vaporization  for  a  known 
load  and  velocity,  independently  of  the  load,  so  that  a 
greater  load  would  not  require  a  greater  vaporization; 
thnt  it  affords  DO  means  of  calculating  the  velocity  of  an 
ne  with  a  given  load;*while  our  own  gives,  without 
the  least  difficulty,  the  means  of  calculating  the  velocity, 
and  also  the  load  and  vaporization,  in  accordance  with 
and  principles;  that  in  applying  the  two  theories 
to  the  same  engine,  the  results  are  so  widely  different 
that,  in  some  cases,  the  old  theory  gives  twice  or  three 
times  the  result  of  our  own,  as  will  be  seen  in  the  work 
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bare  bee*    ptodoced  by 
•owepieteiy  false  by    Bar* 
broil*,  that  oar  theory  | 
the  vdocity,  load,  expenssoa 
produce  the  n 
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research  which  ru  totally  impossible  i 

sibte    iir    the   old   theory.      All    these 

escaped   Mr.   Woolhouse,  bat  they  aw 

noticed  by  the  engineer*  of  the  Corpe  Royal  dea  Fonts  et 

.«*>.,  in  France,  who,  in  1SS9,  voted  a  gold  medal 

II  theory  objected  u>  by  Mr.  Woolbooae.    We  there- 

•efer  (tiK  autlior  to  a  more  attentive  uiraaa 1  of  the 

•  re    has    also   aji|>earcd   in    the  --f/Aeswrwas,   oo    the 

|   of   «»w    Throry  of  the  Steam   Engime,  an   anonj- 

ffM/ua   pej»*r,  on  which   wo  cannot  help  saying  a  word. 

*n#e  author  of  I l.ui  paper,  who,  whatever  he  may  aay  to 

the  contrary,  possesses  hut  a  very  superficial  knowledge  of 

•natter*,  affirms  it  to  he  needless  to  undertake  new 

team  engine,  nine*  he   knows   all    that 

..    in   I.,     known    M    the   subject.       He  even  deems   it 

"  ifamd    "  ">  attempt  to  ground  the  calculation  of  the 

effect  of  steam  endues  on  the  production  of  steam  in  their 

boiler !     A  writer  whose  ideas  on  this  subject  are  so  clear 

and   so    profound,    lis*    indeed   a   right    to    cut   questions 

short,    and    set    himu-lf   up    as    defender    of    Brills!. 

gineer*.  whom  he  dec  hire*  to  hi-  attacked  in  their  honour, 
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by   tin-    very   fact,  "f  m-v.-  impirirs  mi  1 1 1<-  subject  nf  the 
m  engine.    With  such  feelings  as  these,  the  most 
,n  to  true  science,  the  article  is  written.     As  beyond 
this,  however,  the  author  enters  into  no  scientific  discus- 
sion, and  as,  too  diffident  to  take  on  himself  the  respon- 
sibility of  his  own  judgments,  he  rests  modestly  under 
the  shelter  of  his  incognito,  and   has  even   carried  the 
anonymous  system  so  far  as  to  make  in  public,  to  the 
author  whom  he  ha*  attacked  in  secret,  demonstrations  of 
in,  the  motives  »f  which  nil  may  appreciate  at  their 
real  value,  we  think  ourselves  excused  from  stopping  to 
answer  him  any  further. 

Finally,  Mr.  Josiah  Parkes  has  just  published,  in  the 
Transaction*  of  the  Institution  of  Civil  Engineers  of  ten- 
don, vol.  iii.,  a  long  paper  in  which  he  undertakes  the 
determination  of  a  coefficient  or  numerical  relation,  repre- 
senting in  mass  all  the  divers  resistances  which  locomotive 
engines  have  to  overcome  in  their  motion,  so  as  to  render 
useless  all  separate  research,  relative  to  the  value  of  fric- 
tion, resistance  of  the  air,  &c.  With  this  view  he  enters 
into  a  long  discussion  on  the  experiments  of  the  Treatise 
on  Locomotive  Engines,  and  on  all  the  experiments  on  the 
same  subject  published  by  divers  engineers;  and  to  de- 
irate  the  difficulties  insurmountable,  in  his  opinion, 
and  the  uncertainty,  attending  researches  of  this  kind,  he 
indicates  divers  verificationx  which,  as  he  says,  these 
experiments  ought  to  satisfy.  As  the  author  gives  on  the 
subject  a  great  number  of  tritium itifid  ealcuktioia,  the 
rli  might  not  he  perceived  at  a  first  glance. 
we  shall  here  enter,  with  some  detail,  into  the  examination 
of  his  pretended  verifications. 
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lllodod  fa> |  that  our  theory  explains  completely  fa  sjj 
<>f  tin-  atmospheric  engine,  which  could  not  lie  calculated, 
mid  tltusc  of  the  ComUIi  injims.  v.luYh  uero  so  un- 
accountable in  the  old  theory,  that  the  effects  related  to 
haw  k-.-n  pTOdu&d  !'v  rli  .m-  en-ii.'-s,  v,v:v  rMkl  .'lied 
completely  false  by  many  engineers  in  Great  Britain; 
finally,  that  our  theory  gives  the  means  of  MflBrttinipg 
thf  \il'iiiy,  load,  expansion  and  counterweight,  which 
podOM  ihc  BUUdman  useful  effect  in  a  given  engine,  a 
research  which  was  totally  impossible  ami  <wn  madmis- 
sible  in  U»e  old  theory.  All  these  differences  have 
escaped  Mr.  Woolhousc,  but  they  seem  to  have  been 
noticed  by  the  engineers  of  the  Corps  Royal  des  l'onts  et 
Chaussces,  in  France,  who,  in  1 839,  voted  a  gold  medal 
to  the  theory  objected  to  by  Mr.  Woolhousc.  Wc  there- 
fore refer  this  author  to  a  more  attentive  perusal  of  the 
work  which  he  criticises. 

There  has  also  appeared  in  the  Athenteum,  on  the 
subject  of  the  Theory  of  the  Steam  Engine,  an  anony- 
mous paper,  on  which  we  cannot  help  saying  a  word. 
The  author  of  this  paper,  who,  whatever  he  may  s»\  tO 
the  contrary,  possesses  but  a  very  superficial  knowledge  of 
these  matters,  affirms  it  to  Ik*  needless  to  undertake  new 
inquiries  on  the  steam  engine,  since  he  knows  all  tliat 
is  to  be  known  on  the  subject.  He  even  deems  it 
"  absurd  "  to  attempt  to  ground  the  calculation  of  the 
effect  of  steam  engines  on  the  production  of  steam  in  their 
boiler !  A  writer  whose  ideas  on  this  subject  are  so  clear 
and  so  profound,  has  indeed  a  right  to  cut  questions 
short,  and  set  himself  up  as  defender  of  British  en- 
gineers, whom  he  declares  to  be  attacked  in  their  honour, 
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On  seeing  the/niul'imintat  errors  on  which  his  reasoning 
Mid  his  calculations  IM  grounded,  the  inaccuracy  of  the 
results  at  which  hi-  bat  arrived  will  at  once  he  recognised. 

lit  Mr.  PadtM  proposes  to  calculate  the  pressui 
ii  the  steam  was  neco-  ;pended  in  the  cylinder 

of  each  engine  submitted  to  experiment,  in  order  after- 
wards to  compare  that  pressure  with  the  pressure  molting 
from  tlic  bOtaBl  \  of  the  divers  determinations  of  resistances 
exerted  against  the  piston,  according  to  the  7V 
Locomotive  Engines.     With  this  view,  he  seeks,  from  the 

•  ity  of  the  enginej  the  Bomber  of  cylinders-full  of 
steam  which  were  expended  per  minute.     Comparin: 
volume  thus  obtained  to  the  volume  of  water  raporiiad  IB 

the  boiler,  he  concludes  the  relative  volume  of  the  steam 
during  its  passage  into  the  cylinder  ;  and  finally,  recurring 
to  the  Table  of  the  relative  volumes  of  steam  under  divers 
pressures,  confined  i"  the  Theory  of  the  Steam  Engine,  he 
u Us  the  pressure  winch  the  steam  must  necessarily 
have  had.  Tins  is  conformable  to  the  theory  i! 
in  the  Treati-  motive  Engines,  which,  in  fact,  Mr. 

1'arkes  entirely  adopts.     Hut  to  perform  this  calculation, 
Mr.  Pukes  takes  the  N I  rage  velocity  of  (fa  whole  trip 

from  i,imi]i    .:  to  Manchester,  and  from  that  velocity  he 

preueri  in  the  cylinder 

during  the  same  trip.      Now  it  will  In-  easy  to  prove  by 
an  example  that  this  mode  is  altogether  faulty. 

Suppose,  in  effect,  the  engine  Atlas  have  travelled  a 
distance  of  30  miles  in  an  hour  and  a  half,  vaporising  60 
cubic  feet  of  water  per  hour.  As  the  wheel  of  the  engine 
is  5  feet  in  diameter,  or  l.V'l  feet  in  circumference,  as 
there  are  two  double  cylinders-toll  expended  at 
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turn  of  the  wheel,  mid  as  the  capacity  of  titOM 
double  cylinders,  including  the  filling-up  of  the  steam-ways, 
amounts  to  4*398  cubic  feet,  it  follows  that  the  volume  of 
tin-  st.uiu  which  passes  into  the  cylinders  per  mile 


5280 


15-71 


x  4-398 


formed,  or  per  distance  of  5280   feet,   is 

=  H  78  cubic  feet. 

This  premised,  when  Mr.  l*arkes  refers  to  the  average 
velocity  of  the  whole  trip,  to  value  the  pressure  in  the 
cylinder,  as  that  velocity  was  20  miles  per  hour,  and  as 
the  vaporization  at  the  same  time  was  GO  cubic  feet  of 
water  per  hour,  he  finds  for  the  ratio  of  the  volume  of 

the  steam  expended  to  the  volume  of  water,    — '—; 

w 

=492'7.  And  consequently,  recurring  to  the  Tabic  of  the 
relative  volumes  of  steam  under  different  prevsures,  he 
obtain!  i'tr  the  corresponding  total  pressure  5fi"66'lbs. 
per  square  inch  ;  and,  deducting  the  atmospheric  pressure, 
he  obtains  for  the  effective  pressure,  41*95  IDs.  per  square 

inch. 

But  to  show  that  this  mode  of  calculating,  from  the 
average  velocity,  can  only  lead  to  error,  lit  as  SUppoM  that, 
by  reason  of  the  divers  inclinations  of  the  portions  of  the 
rail*;  ntf  15  miles  barn    been  traversed  in  half  an 

hour,  and  the  other  15  miles  in  an  hour,  which  still  makes 
JO  miles  in  an  hour  and  a  half;  M  .50  cubic  feet  of  v,  ater  will 
have  been  vapuri/.ed  in  the  first  half  hour,  or  during  the  pas- 
sage of  the  first  15  miles,  and  60  cubic  feet  i if  water  during 
the  next  hour,  or  in  the  passage  of  the  last  15  miles, 
plain  that  the  volume  of  the  steam  will  have  been  respec- 
tively in  each  of  those  times.   '  ''  "\  *_!A  =  ;;»9,  first,  and 
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afterwards    U78  x  15  =  369-5.     Whence  results,  acrord- 

ing  to  the  Tabic,  that  the  effective  pressure  of  the  steam 
will  have  la-en  successively  21-62  and  62*95  lbs.  per  square 
inch, 

Tims,  during  the  first  half  hour  the  effective  pressure 
will  hiive  been  21-62;  during  the  second  half  hour  it  will 
have  been  62*95,  and  during  the  third  again  62*95.  Con- 
sequently, taking  account  of  the  time  during  which  the 
pressure  ha3  had  these  respective  values,  it  is  plain  that 
the  mean  effective  pressure  in  the  cylinder  will  really  have 
bfeB  21-62  +  62*95  +  6295  =  ^^  ^  ^^  ^ 

an<l  not  41*95  lbs.  per  square  inch,  as  it  is  given  la  Mr. 
I'arkcs'*  calculation ;  which,  by  the  fact,  supposes  all  the 
|H>rtions  of  the  trip  to  have  been  performed  in  equal  times. 
In  i his  case,  therefore,  which  has  nothing  in  it  but  what 
is  very  ordinary,  there  would  be  an  error  of  J"**M  lbs.  per 
i.-  inch  out  of  11*85  ;  that  is,  an  error  of  more  th-m  | 
on  the  effective  pressure  of  the  steam.  It  is  evident  that 
the  call K lut »m,  such  as  Mr.  I'urkes  makes  it,  is  exact  only 
for  portions  of  road  composed  of  one  inclination  or  tra- 
velled witli  '. ,■/>/' inu  velocity,  and  that  it  cannot  apply  to 
the  total  passage  of  a  line  composed  of  different  incli- 
nations. For  further  elucidations  on  this  head  we  refer 
to  Chap.  XVII.  of  this  work,  relative  to  inclined  planes, 
nd  to  Chap.  XII.,  in  which  all  the  experiments  con- 
sidered by  Mr.  I'arkes  arc  calculated. 

2nd.  We  have  just  shown  a  first  error  which  Mr.  Parkes 
introduces,  as  a  fundamental  basis,  in  his  calculation  of 
the  pressure  of  the  steam  in  the  cylinder.     But  he  docs  not 
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stop  there.  In  the  Table  of  exjHyiments  on  the  vaporisa- 
tion of  the  engines  (Chap.  V.  Art.  IV.  §  1  of  the  Treatise 
on  Locomotive  Engine*,  1st  edition,  and  page  253  in  this), 
we  have  given  the  average  velocity  of  the  engines  during 
each  trip  ;  and  that  velocity  is  obtained  simply  by  dividing 
whole  distance  performed  by  the  time  employed  in 
performing  it,  M  kl  MOD  in  the  Table  in  question.  It  would 
be  natural  then  for  Mr.  I'arkes,  who,  as  has  been  said 
above,  is  satisfied  with  average  velocities  in  his  calcula- 
tions, to  take  those  which  are  given  in  the  Tabic •  but  in- 
stead of  that,  he  augments  almost  all  the  velocities  about  \. 
Thus,  for  instance,  the  Vii.can,  which  travelled  89*5 
miles  in  1  hour  1/  minutes,  and  whose  average  velocity  in 
consequence  appeared  to  be  22*99  miles  per  hour,  had, 
according  to  him,  a  velocity  of  26,90  miles  per  hour.  The 
velocity  of  the  Vesta  rises  from  27*23  to  31*60  miles  per 
hour,  and  so  of  the  others.  The  critic  falls  into  this  new 
error  because,  in  the  Treatise  on  Locomotive  Engines, 
(Chap.  IX.  $  2,  1st  edition,  and  p.  311  in  this),  in 
speaking  of  fuel,  it  is  said  that,  when  the  engines  ascend 
without  help  the  inclined  planes  of  the  Liverpool  and 
Manchester  Railway,  the  surplus  of  work,  thence  result- 
ing for  them,  equals,  on  an  average,  the  conveying  of 
their  load  to  \  more  of  distance,  and  Mr.  I'arkes  logically 
concludes  from  this  that  the  velocity  of  the  engine  must 
be  by  so  much  increased.  So  that  if  an  engine  perform 
1  mile  in  4  minutes,  ascending  a  plane  inclined  -fa, 
wliii 4i  reader*  nearly  five-fold  the  work  of  the  engine, 
it  would  follow,  from  this  calculation,  that  the  velocity 
would  not  have  l>een  15  miles  per  hour,  but  15  x  5  =  75 
mile*.  pCf  booTj  Mini'  the  quantity  of  work  done  would 
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have  been  five-foUl  Mr.  forties's  error  proceeds  from 
his  having  applied  to  the  rrlori/y  a  correction  which 
belong*  only  to  the  work  done,  and,  as  a  consequence  to 

Hut  on  examining  what  effect  results  from  this  substi- 
tution of  the  imagined  Telocity  of  Mr.  forties  for  the 
rved  velocity,  it  will  be  remarked,  that  whenever  ID. 
engine  is  obliged  to  ascend  without  help  one  of  the  in 
dined  planes  of  the  Liverpool  nnd  Manchester  Railway,  it 
exerts  in  tliat  moment,  us  we  have  said,  an  effort  about 
rive  times  as  great  as  upon  a  level,  and  draws  its  load  less 
rapidly.  One  would  deem  it  then  allowable  to  conclude 
that  the  average  pressure  of  the  steam  in  the  cylinder 
mint  be  augmented,  since,  during  a  certain  portion  of  the 
trip,  the  effort  is  greater,  and  that  the  useful  effect  per  unit 
of  time  must  be  diminished,  since  during  die  same  time 
the  useful  bed  U  drawn  at  less  velocity.  But  no.  Mr. 
forkes's  calculation,  by  augmenting  the  apparent  vcl 
of  the  engine,  demonstrates  that,  in  this  case,  the  average 
pressure  in  the  cylinder  becomes  on  the  contrary  much 
less  and  that  the  useful  effect  becomes  much  r/realtr.  So 
that  the  error  committed  produces  itself  here  in  the  two 
n|i]>ositc  ways. 

With  these  elements  Mr.  Parkcs  establishes  the  whole 
of  his  calculations  and  of  his  Tables,  to  the  very  end  of  his 
paper;  and  as,  to  augment  the  evil,  this  pretended  go 
tfon  happens  to  In-  made  on  one  portion  of  the  experi- 
ment-., without  befog  made  on  the  rest,  there  results  an 
inexplicable  confusion  in  all  the  calculations.  Thus  also 
it  happens  that  his  determination!  of  the  horse-power  pro- 
hie   foot  of  water  Vaporised,  or  of  the  quaii- 
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tity  of  water  employed  tu  produce  the  power  of  one 
horse,  and  all  the  consequences  tlience  derived,  arc  in 
every  way  erroneous. 

3rd.  After  having  thus  calculated  very  exactly  the  pres- 
sure of  the  steaiii  in  the  cylinder,  Mr.  Parke*  compares 
tlic  result  which  he  has  obtained,  with  the  total  pressure 
on  the  piston  resulting  from  the  partial  resistances  suffered 
by  the  engine,  according  to  the  Treatise  on  Locomotive 
Engines;  and  as,  in  the  first  edition  of  the  w«ik 
author  had  confined  himself  to  mentioning  the  pre-- 
against  the  piston  due  to  the  action  of  the  blast-pipe, 
without  making  any  experimental  research  on  the  subject, 
Mr.  Purlers  takes  the  diffeivm  g  between  the  two  results, 
as  nftiMinrilj  expressing  the  pressure  due  to  the  blast- 
pipe ;  and  he  demonstrates  the  inaccuracy  of  it.  Sere 
we  perfectly  agree  with  him;  for,  besides  the  errors 
already  pointed  out  in  his  research  of  the  pressure  of  the 
steam  in  the  cylinder,  every  thing  variable  that  can  occur 
in  the  different  data  of  resistance,  now  passes  to  (he 
account  of  the  pressure  due  to  the  blast«pipc,  and  must 
necessarily  come  to  falsify  the  calculation  of  it.  Thus  for 
instance,  in  the  experiments  made  with  the  Fikkm.y,  the 
boiler  lost  water  by  the  tubes,  and  there  resulted  an  appa- 
rent vaporization  greater  than  the  true  one.  A  part  of  the 
difference  between  the  calculated  and  the  observed  pres- 
sure was  therefore  to  be  attributed  to  that  cause,  though  it 
could  not  be  accurately  measured  ;  but,  by  the  calculation 
of  Mr.  Parkes,  it  all  passes  tu  the  account  of  the  pressure 
due  to  the  blast-pipe.  Similarly,  the  resistance  of  the  air, 
then  imperfectly  computed  in  the  total  resistance  for  en 
average  velocity  of  about  12  miles  per  hour,  is  found,  in  all 
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cases  of  greater  velocity,  to  augment  considerably  the  pres- 
sure due  to  the  blast-pipe,  and  on  the  contrary  to  diminish 
it  iii  all  cases  of  less  velocity.  A  contrary  or  a  favourable 
wind,  waggons  well  or  imperfectly  greased,  8tc,  necessarily 
ptoduoe  similar  effects.  Titus  circumstances,  eumbined 
with  tin-  ami  already  introduced  into  the  calculation, 
raise  or  lower  that  pressure  to  all  imaginable  degrees;  and 
it  will  rt-adily  be  imagined  that  such  a  determination  can- 
not be  exact. 

4th.  Mr.  Parkes  has  observed,  in  the  experiments  of 
the  Treatise  on  Locomotive  Engines,  and  particularly  in 
two  of  them,  made  on  the  Leeds  engine,  and  quoted  in 
the  Theory  i(f  the  Steam  Engine,  tltat  the  useful  effects 
produced  by  the  same  quantity  of  water  vaporised  varies 
according  to  different  cin •um.-.taiuvs ;  and  he  is  amazed  at 
it ;  for,  as  he  affirms,  the  useful  effects  produced  by  the 
same  quantity  of  water  vaporized,  in  the  same  time  and 
under  the  same  pressure  in  the  boiler,  ought  in  all  cases 
to  be  identical.  But  this  again  is  merely  an  error  of  the 
;  for  if  we  suppose  a  locomotive  engine  drawing  n 
heavy  load  at  a  small  velocity,  since  it  is  only  at  a  small 
Telocity  that  the  engine  has  to  overcome  its  friction,  as  well 
as  the  atmospheric  pressure  against  Ute  piston,  and,  above 
all,  die  resistance  of  the  air  against  the  train,  it  follows  that, 
out  of  the  quantity  of  total  work  executed,  there  will  be 
but  a  trifling  portion  lost  in  overcoming  Utose  resistances; 
but  if,  OB  the  contrary,  we  sup|>ose  the  same  engine  per- 
forming precisely  the  same  quantity  of  total  work,  hut 
drawing  a  light  load  at  a  great  velocity,  it  is  obvious  that 
a  much  greater  part  of  tiie  work  done  will  be  absorbed  in 
moving,  at  that  velocit;.     i In-  resistance  which  represents 
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the  friction  of  the  engine,  as  well  :ls  tly.  atmospheric  pres- 
sure against  the  piston,  and  in  overcoming  the  rflTMtWtfl 
of  the  air,  which  increases  as  the  square  of  the  veloi 
and  consequently  there  will  remain  a  much  smaller  por- 
tion of  it  applied  to  the  producing  of  the  useful  effect. 
Hence,  in  the  two  cases  considered,  the  useful  effects 
produced  by  the  same  quantity  <>f  water  vaporized,  so  far 
from  being  identical;  will,  on  tiie  contrary,  be  very  dif- 
ferent from  each  other.  Mr.  Parke*  may,  hcnidM.  satisfy 
himself  on  this  point,  by  [x-rusing  the  Theory  of  the  Steam 
■f.  in  which  he  will  find  numerous  examples  of  steam 
engines,  in  which  the  useful  effect  of  1  cubic  foot  of 
water  varies  in  very  wide  limits,  according  to  the 
velocity  of  the  motion  or  the  load  imposed  on  the 
engine.  Thus  Mr.  I'arkes's  reasoning  errs  again  by 
the  basis  itself. 

5th.  But  there  is  another  principle  to  which  Mr.  Parkes 
would  subject  all  the  observations  of  vaporization  of  loco- 
motive engines.  He  remarks  that  in  the  two  experiments 
above  cited,  the  total  resistance  opposed  to  the  motion  of 
the  piston  is  different  in  the  two  cases.  Consequently, 
says  he,  the  quantities  of  water  vaporized  by  the  engine  in 
the  same  time  must  be  in  proportion  to  the  pressures 
observed  in  the  cylinder,  and  the  experiments  must  satisfy 
this  condition. 

To  establish  this  new  principle,  Mr.  Parkes  recurs  to 
the  Treatise  on  Locomotive  Engines  itself.  He  quotes  a 
passage  in  which,  supposing  the  same  engine  travelling  the 
same  distance  with  two  different  loads,  the  author  .says  posi- 
tively that  the  distance  travelled  being  the  same  in  both 
cases,  the  numlier  of  turns  of  the  wheel,  and  consequently 
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the  number  of  strides  of  tlir  piston  given  by  the  engine, 
that  is  to  say.  the  number  of  < IJ  Iuk'i  rs-full  of  itCUB,  m, 
finally .  thfl  total  volume  of  steam  <-xfM-mIi'<i.  will  also  be  tlie 
atme  in  both  ruses ;  whem-e  results  that  the  same  ml 
v.  ill  smvi-ssivdy  haw  bMn  filled  with  tWO  strains  ill  ilil- 
fcrent  pressures,  or,  in  other  won!*,  at  different  densities; 
and  consequently  the  quantities  of  water  which  have 
served  to  form  tbOM  steams  will  he  in  PTOportloP  10 
their  respective  pressures  (Cbtp.  IX.  §  '»  '**  edition!. 
Thus,  this  passage  QllaMllliea  very  distinctly  that  the 
quantities  of  water  vaporized, />>r  the  mime  distance,  are  in 
pro|H>rtion  to  the  pressures  of  the  steam  in  the  cylinder. 
But  what  does  Mr.  Pnrkcs  conclude  from  this  '  Why,  that 
the  quantities  of  water  vaporised  in  the  game  time  arc  in 
proportion  to  the  pressures  in  the  cylinder.  Now,  it  hap- 
pen! to  l>e  just  the  contrary ;  for  if  we  suppose,  by  way 
of  example,  the  two  pressures  to  be  in  the  ratio  of  2  to  1, 
the  volumes  of  water  vajwrized  for  the  same  distance  will 
also  be  as  2  to  1  ;  hut  if  the  time  employed  in  performing 
dbl  nice  in  question  be  two  hours  in  the  first  case  and 
one  hour  in  the  second,  it  is  plainly  the  quantities  of 
water  vaporized  in  two  hours  and  in  one  hour  respect i-. 
which  will  It*  one  to  the  other  in  the  ratio  of  2  to  I,  so 
that  the  vaporizations  per  hour,  or  in  the  tame,  time,  will 
be  equal  instead  of  being  in  the.  ratio  of  the  pressures. 
Thus  it  is  clear  again  that  Mr.  Parkcs's  principle  rests  but 
on  a  new  error,  which  consists  in  making  a  confusion  bc- 
tl.e  vaporizations  for  tbe  same  distance  and  the 
vaporizations  for  the  same  time. 

6th.  A  final  observation  of  Mr.  Parkes  is  this,  that  in 
some  axperjmcntaj  the  locomotive  engines  produced,  for 
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(h«   nmo  quantity  of  water  vaporized,  a  greater  useful 
effect  vcral  stationary  high-pressure  steam  engines, 

ven    than    several    condensing    Mcnm    engines;    and 

unsidcrs   this    result    as   a   proof  of  the   uncertainty 
of  those  observations;   for,  says  he,  the  locomotive  en-, 
gines  having  to  contend  with  the  pressure   arising  from 

idast-pipe,  which  the  high-pressure  engines  have 
not,  and  also  with  the  atmospheric  pressure,  neither  of 
which  resistances  the  condensing  engines  have  to  con- 
tend with,  it  is  incontestable  that  they  cannot  even  pro- 
duce equal  illeri-,,  much  less  superior  ones.  Hut  this 
reasoning  is  as  unfounded  as  those  we  have  already 
il :  for  since  the  useful  effect  of  steam  engines  fur 
the  same  vaporization,  diminishes  as  the  velocity  of  their 
motion  increases,  which  is  found  developed,  either  in  the 
present  work,  Chap.  XII.,  or  in  the  Theory  of  the  Steam 

.■ie,  it  is  easy  to  conceive  that  a  locomotive,  working, 
for  instance,  at  its  maximum  useful  effect,  that  is  to  say, 
with  its  maximum  load,  and  consequently  at  a  very 
small  velocity,  at  winch  the  pressure  due  to  the  blast- 
pipe  and  the  resistance  of  the  air  are  nearly  null,  can 
produce  a  useful  effect  greater,  nay  much  greater  than  a 
stationary  hi-jh-pressnre  engine,  working  on  the  contrary 
with  a  light  load  and  a  great  velocity.  The  same  in- 
feriority of  effect,  relative  to  a  locomotive,  may  also  OCCW 
in  a  condensing  engine,  because  an  engine  of  that  .system, 
working,  for  instance,  at  lGltis.  pressure  per  square  inch 
in  the  cylinder,  and  condensing  the  steam  to  4  lbs.  per 
square  inch  under  the  piston,  where  the  pressure  is  always 
greater  than  in  the  condenser,  loses,  by  that  fact  alone,  a 
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quarter   of  the   power  that  it  applies;   whereas  n  loco- 
ive  working  at  5  atmospheres  in  the  cylinder,  and  at 
a  very  small  Telocity,  which  renders  almost  null  the  pres- 
sure due  to  the  blast-pipe,  suffers,  by  the  opposition  of 
•the  atmospheric  pressure,  a  loss  equal  to  but  -j  of  its  total 
pawn.     Hence,   definitively,   in   the   latter   engine,   the 
counter-pressure   against   the   piston  destroys  a  smulh  r 
ion  of  the   total   power   applied,  and   consequently, 
without  even  noticing  the  difference  of  the  friction  of  the 
two  engines,  or  entering   into  any   other   consideration 
relative  to  the  velocity,  it  is  conceivable  that  the  useful 
effect  of  the  locomotive  may  be  found  the  greater. 

Hut  if  a  more  complete  proof  be  desired,  it  will  be 
easy  to  furnish  it ;  for  the  relative  volume  of  the  steam  at 
Ifi  lbs.  per  square  inch,  being  1672  times  that  of  the  water, 
it  is  plain  that  if  S  represent  the  number  of  cubic  feet  of 
water  vaporized  per  minute  in  the  boiler,  and  if  a  represent 
the  area  of  the  cylinder  expressed  in  square  feet,  1672  S 
will  be  the  volume  of  the  steam  generated  per  minute, 

1672  8 
whence  results  that  — will  be  the  velocity  assumed 

by  the  piston  of  the  engine  working  at  that  pressure. 
Moreover,  the  tffective  pressure  of  the  steam  or  the  load 
which  the  piston  can  support,  is  16  —  4  =  1 2  lbs.  per  square 
inch ;  which  gives  12  x  144  a  for  the  total  resistance  sup- 
ported by  the  piston.  Thus,  in  the  condensing  engine, 
the  effect  produced  by  the  number  S  of  cubic  feet  of  water, 
is  expressed  by  1672  x  12  x  144  S  =  20064  x  144  S.  Cal- 
culating in  the  same  manner  the  case  of  the  locomotive, 
engine,  wc  find  that  the  effect  it  produces  for  the  same 
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vaporization  S,  working  at  the  total  pressure  of  75  lbs.  per 
square  inch,  or  at  the  effective  pressure  of  60 lbs.  per 
square  inch,  is  381  x  60  x  144  S  =  22860  x  144  S.  There- 
fore, finally,  it*  useful  effect,  per  cubic  foot  of  water 
vaporized,  will  exceed  that  of  the  condensing  engine,  and 
this  again  is  a  circumstance,  examples  of  which  will  be 
ad  in  tin;  Tiienry  of  the  Steam  Engine. 

Tims  this  new  peremptory  condition  which  the  experi- 
ments ought  to  satisfy  is  as  unfounded  as  the  former  ones. 
It  will  he.  remembered,  besides,  that  the  relocatioi  em- 
ployed by  Mr.  I'arkt ■*.  for  locomotive  engines,  being  nearly 
all  considerably  augmented,  as  has  been  explained  above, 
he  must  necessarily  arrive  at  exaggerated  results,  for  the 
effects  which  he  supposes  to  have  been  produced  by  those 
engines. 

It  is  remarkable,  finally,  that  in  applying  the  preceding 
considerations  to  all  the  experiments  published  on  loco- 
motives by  different  engineers,  namely :  Messrs.  R.  Ste- 
phenson, N.  Wood,  E.  Wood,  and  Lardncr,  Mr.  Parkes 
finds  that  the  conditions  to  which  he  proposes  to  subject 
arc  not  verified  in  them.  Such  a  result 
ought  to  have  put  him  on  his  guard  against  the  validity  of 
his  own  arguments:  but  the  want  of  using  equations, 
which  facilitate  so  much  accuracy  in  mathematical  reason  - 
ing  (and  the  author  accounts  for  it  in  telling  us  that  he  is 
more  accustomed  to  handle  the  hammer  than  the  pen], 
causes  him  to  heap  errors  on  errors,  combining  and 
complicating  them  unaware,  till  he  arrives  at  a  point 
where  he  does  not  produce  »  single  result  that  is  not 
erroneous. 

c 
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There  is  matter  of  surprise  in  the  numberless  error* 
contained  in  the  pa|>cr  of  Mr.  Parkcs,  and  of  which  we 
have  noticed  merely  the  principal  ones ;  but  on  inquiring 
what  whs  the  end  he  had  proposed  to  himself,  what  wan  to 
l>e  the  ilchnitc  consequence  of  his  labour,  MM  is 
more  surprised.  Collecting  all  the  erroneous  rwl's  winch 
he  has  obtained,  Mr.  Parkin  forms  •  Table  in  which  he 
seta  in  view,  on  one  side,  the  vaporization  effected  by  the 
i  ii  inc.  and  on  the  other  side,  the  useful  and  the  gross 
effect  produced  ;  Imi  to  the  latter  he  gives  the  name  of 
momentum.  Then,  comparing  the  vaporization  to  the 
effect  produced,  and  i  rage  upon  all  the  ex- 

perimenta  which  he  has  collected  from  nil  the  works  pnb- 
d  on   the  subject,   he   present*,  as  the  result  of    his 

labours,  the  following  conclusion,  which  he  propo* 

substitute   in    place  of  every  other   kind    of    research   Ml 

loon  ll-ill.'N. 

When  ll.i'  villi  it y  oil  lot  lamented 

in  the  proportion  pi  I'M  '"  l,thc  valorization  necessary 
to  produce  the  same  effects  varies  in  the  following  pro- 
portion* : 

To  proi!  same  momentum  (the  same  gross  effect, 

weight  of  waggons  and  engine  included),  in  the  proportion 
of  1*48  to  I,  or  in  a  proportion  something  less  than  that 
of  the  velocities ;  to  produce  the  same  commercial  y 
effect  i, the  Mine  gross  <  hiding  the  weight  of  the 

waggons),  in  the  proportion  of  2*4.1  to  1,  or  nearly  as  the 
squares  of  the  velocities ;  to  produce  the  same  vtefitl  effect, 
in  ihe  proportion  of  B*U  to  1.  M  amity v  the  cubes  of 

the  velcM-' 
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This  is  the  definitive  result  which  Mr.  Parkes  has 
attained,  and  the  help  of  which  seems  to  him  to  render  it 
needless  henceforward  to  seek  to  determine  either  the 
friction  of  the  waggons,  or  that  of  the  engines,  or  the 
resistance  of  the  air,  or  any  thing  in  fact  that  may  in- 
fluence the  effects  produced  ;  researches  which  appear  to 
him  to  offer  insurmountable  difficulties.  Possessed  of  the 
wholesale  result .  of  Mr.  Parkes,  nothing  more  will  be 
needed.  Does  any  one  wish,  for  instance,  to  know  what 
load  a  given  engine  will  draw  at  25  miles  per  hour  on  a 
given  inclination  ?  to  know  what  velocity  it  will  assume 
with  a  load  of  60  tons  ?  to  know  what  is  the  maximum  of 
useful  effect  that  it  is  capable  of  producing  ?  to  know 
what  proportions  must  be  given  to  it,  in  order  to  ob- 
tain desired  effects  ?  Why,  having  recourse  to  Mr. 
Parkes's  result,  the  solution  of  all  these  questions  is 
self-evident ! 

It  is  evident,  on  the  contrary,  that  Mr.  Parkes's  rule, 
even  were  it  exact  instead  of  being  founded  on  erroneous 
calculations,  could  lead  to  but  one  thing,  namely,  that  of 
finding  the  gross  or  useful  effect  produced  by  an  engine  at 
the  velocity  of  30  miles  per  hour,  when  the  same  effect  is 
known  at  the  velocity  of  20  miles.  But,  even  then, 
making  use  of  so  rough  an  approximation,  in  which  all  is 
thrown  in  the  lump  :  friction  of  the  waggons,  friction  of  the 
engine,  resistance  of  the  air,  resistance  owing  to  the  blast- 
pipe,  &c.,  the  result  could  never  be  depended  on.  As- 
suredly, calculations  like  these  do  not  tend  to  the  progress 
of  science ;  they  would  rather  lead  it  back  again  to  its  first 
rudiments.  For  this  reason  we  persist  in  our  belief  that 
the  only  means  of  calculating  locomotive  engines,  is  to 
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endeavour  to  determine,  as  exactly  as  possible,  each  of  the 
resistances  which  oppose  their  motion,  and  by  taking 
account  of  the  value  of  each  of  those  forces  in  the  calcula- 
tion, we  may  in  every  case  attain  a  valuation  really 
founded  in  principle,  of  the  effects  of  every  kind  that  are 
to  be  expected  from  them. 
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CHAPTER  I. 
DESCRIPTION  OF  A  LOCOMOTIVE  ENGINE. 


ARTICLE  I. 

DETAIL   AND   DISPOSITION    OF   THE    PARTS. 

Sect.  I.   Of  the  Boiler. 

The  plan  adopted  in  this  work  will,  it  is  hoped, 
render  it  both  clear  and  methodical. 

We  shall  begin  by  a  succinct  description  of  a 
locomotive  engine,  in  order  first  of  all  to  set  before 
the  eyes  of  the  reader  the  machine  which  is  the 
subject  of  consideration. 

We  shall  then  explain  the  laws  which  regulate 
the  mechanical  action  of  the  steam,  and  describe 
the  instruments  in  use  to  measure  its  pressure ; 
which  will  make  known  the  agent  employed  to 
produce  the  motion  of  the  engine. 

Our  attention  will  afterwards  be  directed  towards 
the  resistances  which  the  engine  in  its  motion  has 
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to  overcome,  so  that  m  dial]  raooesaively  en- 
deavour to  determine  as  well  the  resistance  of  the 
waggons  as  that  which  hclongs  to  the  cnginr  it-ill. 
cither  when  it  moves  alone  or  when  it  draws  a 
load  after  it. 

With  these  primary  data  we  shall  pass  to  the 
general  theory  of  the  motion  of  locomotive  engines, 
and  shall  lay  down  the  formula.'  by  which  to  de- 
termine, a  priori,  either  the  speed  the  engine  will 
•annul  with  a  given  load,  thr  load  it  will  draw  at 
a  given  speed,  or  the  proportions  which  are  to  he 
adopted  in  its  construction,  in  order  to  obtain  any 
intended  effect. 

We  shall  then  have  to  consider  several  addi- 
tional dispositions  projKT  to  Mr  ,  QgUM,  which  ma\ 
exercise  more  or  less  influence  on  the  expected 
effects;  and  we  shall  also  treat  of  some  external 
circumstances,  the  result  of  which  may  he  of  the 
same  nature. 

Lastly,  we  shall  show  the  engine's  consumption 
of  fuel  with  given  loads,  and  every  other  kind  of 
expenditure  to  wliieh  it  -ives  rise. 

These  impjiries  give  the  solution  of  all  the  most 
importml  questions  concerning  the  application  of 
locomotive  engines  to  the  draught  of  loads.  They 
will  sometimes  Ik-  necessarily  sulwlivided  into  several 
id  require  calculations  and  theoretical 
illustrations,  of  more  or  less  extent,  though  always 
plain  and  easy,  and  a  scries  of  experiment*  more 
H  numerous;  hut  we  shall  lake  care  to  main- 
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tain,  all  through  our  work,  the  classification  we  at 

present  by  flown.    We  begin  then  by  tbe  deeerip- 

tion  of  the  engine. 

Plate  I.  represents  a  six-wheel  locomotive  engine, 
followed  by  its  tender.  Plates  II.  and  III.  represent 
a  locomotive  with  four  wheels.  The  mechanism 
of  these  engines  is  sufficiently  simple  for  a  short 
description  to  make  their  mode  of  acting  under- 
stood ;  which  is  the  only  object  here  intended. 
Moreover,  whatever  this  first  cursory  view  may 
leave  imperfect  will  be  found  illustrated  by  the 
lopementfl  Which  we  shall  have  occasion  to  give 
in  the  course  of  the  work. 

The  principal  parts  of  the  engine  are  i  the  fire- 
place and  boiler,  which  constitute  the  means  of 
raising  the  steam ;  the  slides  and  cylinders,  which 
are  the  means  of  bringing  into  action  the  elastic 
force  residing  in  that  steam  ;  and  the  cranks  and 
wheels,  hy  means  of  which  the  motion  is  transferred 
iston  to  the  engine  itself.  After  having 
described  those  principal  parts,  we  shall  pass  to  some 
others  of  less  importance,  and  then  show  the  particu- 
lar place  each  of  those  parts  occupy  in  the  engine. 

Figure  5  gives  a  complete  idea  of  the  boiler. 

It  shows  the  body  of  the  machine,  composed  of 
three  distinct  compartments.  That  on  the  right, 
or  in  front  of  the  engine,  and  which  is  surmounted 
In  the  chimney  C,  is  called  the  smoke-box.  It  is 
separated  from  the  two  others  hy  a  partition  tt. 
The  two    other   compartments   together    form    the 
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boikr:  the  hinder  one  i-  celled  tin-  Bre-box,  and 

middle  one,  or  cylindrical  part,   is  the  boiler 

properly  so  called.     Both  the  latter  compartment* 

are  filled  with  water  to  a  certain  height   ed,   but 

of  their  internal  space  is  occupied  by  the  6m, 

;ls  will  be  explained. 

In  the  hindmost  compartment  is  placed  a  square 
box  e,  which  contains  the  fuel,  or  forms  the  fire- 
place of  the  engine.    Between  the  sides  of  that 

box  and  those  of  the  compartment  in  which  it  i-- 
contained,  a  space  77  is  kit,  which  communicates 
fineely  With  the  remainder  of  the  boiler,  and  which 
in  consequently  filled  with  water.  The  fire-place 
is  supported  in  the  corresponding  compartment, 
and  joined  to  it  by  strong  bolts,  having  the  ad- 
vantage of  giving  solidity  to  that  part  of  the  l>oilcr 
ch,  not  being  rounded,  offers  less  resistance  than 
rlindrical  pe 

lace  r,  being  thus  placed  in  the  middle 
lie   compartments   of  the   boiler,   would 
be  Ittrrounded   On   all   aidei  With  water,  were  it  not 
for  1  /,  which  forms  the  door  of  the  fire- 

place lOttom,  «n,  of  the  box,  which  is  occu- 

a  grate,  one  of  the  bars  of  which  is  repre- 
t  nn.      This  grnte   is  more   plainly  shown 
which  rcpreeentj  the  same  fire-box  seen  in 

door  /  e,   is  placed 

of  iron,    represented    in 

•    MB.     The  use  of  this  plate  is  for 


the  engine-man  to  stand  upon.  Directly  behind 
the  engine  comet  the  tender-carriage  for  coke  and 
water,  so  that  it  is  easy  tor  the  fireman  to  throw 
COke  on  the  fire  by  the  door  /,  and  to  let  water  pan 
into  the  boiler,  whenever  it  may  he  necessary.  This 
supply  of  water  takes  place  by  means  of  a  forcing- 
pump,  put  in  motion  by  the  engine  itself,  and  which 
will  lie  spoken  of  hereafter. 

The  lower  part,  nn,  of  the  fire-place  is  occupied, 
as  we  hive  said,  by  a  grate,  and  remains  conse- 
quently open,  admittniL'  the  external  air  required 
for  the  combustion  of  the  fuel.  The  coke  thrown 
into  the  fire-place  falls  on  the  grate  and  U  sup- 
ported by  it.  When  the  tire  is  lighted,  and  the 
door  is  abut,  the  flame  of  the  fuel  remains  con- 
fined in  the  fire-place.  It  would  hnve  no  egress 
if  a  number  of  small  tubes  or  flues  e'e",  the  dispo- 
sition of  which  is  better  seen  in  fig.  6,  were  not  to 
lead  the  flame  to  the  chimney,  after  passing  through 
the  whole  length  of  the  second  compartment  or 
cylindrical  part  of  the  boiler. 

From  this  construction  it  will  easily  be  conceived, 
that  as  the  fire  is  shut  up  in  the  fire-box,  and 
completely  surrounded  with  water,  none  of  its  calo- 
rific parts  are  lost.  Afterwards,  the  flame,  in  its 
way  to  the  chimney,  divides  itself  among  all  the 
small  flues  ahove  mentioned.  It  thus  traverses  the 
water  of  the  boiler,  having  a  considerable  surface 
in  contact  with  it,  and  only  escapes  after  having 
Kiuiimmicated  to  the  water  as  much  as  possible  of 
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the  caloric  it  contained.     Once  arrived  at  th< 
tretnity   r"  of  the  tubes,  the  flame  spiralis  itself  in 
the    smoke-box,    anil    i-soapcs    freely    through    tin 
chimney  C. 

We  see  thus  the  heat  applied  here  in  two  dis- 
tinct manners.  All  the  water  which  surrounds  the 
fire-place  is  in  contact  with  the  ignited  fuel ;  and 
the  water  which  is  placed  in  tin-  middle  couqKirt- 
ment  is  in  contact  with  the  inflamed  gases  which 
issue  from  the  fin  We  -hull   refer  again  to 

this  distinction,  in  treating  of  the  vaporization  of 
the  boilers,  and  we  shall  endeavour  to  ascertain  if 
the  effects  produced  In  each  comj>artment  differ 
from  each  other. 

To  this  form  of  boiler  is  to  Ik:  attributed  all  the 
Dotting  pome  trf  locomotives  at  the  present  day. 
It  permits,  in  fact,  exposing  a  very  large  extent  of 
surface  to  the  action  of  the  tire,  and  consequently 
to  develop*  a  considerable  quantity  of  <tcam,  using 
at  the  ■me  time  a  boiler  of  very  small  diim  n-i 
which  is  necessary  for  engines  which  have  to  carry 
their  own  weight  with  their  load.  And,  moreover. 
it    must    be   remarked   that  all  the  effect  produced 

I  is  obtained  without  burning  any  D 
coal,  and  in   merely  employing  the  caloric   which 
would  otherwise  be  lost.    As  in  the  action  of  loco- 
motive-, all  finally  di  peads  on  the  quantity  of  steam 
that  can  be  |>ed  in  the  boiler  in  a  given  time 

with   the  least  possiM.  :-,  it  will  readily  be 

invention  is  unquestionably  the 
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i  important  tliat  bu  been  introduced  into  the 

construction  of  locomotives  since  their  origin- 
It  may   be   neci— <iry   to  observe   here,   that   this 
form  of  a  boiler,  with  tubes,  is  a  French  invention. 
This  ingenious  idea  belongs  to   M.    Seguin,    civil 
engineer  and  manufacturer  in  Annonay.1 


1  M.  Scguin's  patent  bears  the  date  of  tin-  22nd  of  February. 
1828;  and  it  was  not  until  April  25,  1829,  that  the  committee  of 
director)  of  the  Liverpool  Railway  called  the  attention  of  the 

Kiiv;.i:.li    mccliiinicun-   lOVirdt    lucuitiutivt    I  ngUfc  -.  In    oropi ,-:ii I 

•  prize  on  the  subject.  Oo  October  6,  of  the  name  year.  1829, 
and  not  before,  appeared  the  Rocket  engine  of  Messrs.  Stephenson 
and  Booth,  the  principle  and  even  the  form  of  which  ililllr  in  no 
way  from  M.  Sequin's  patent.  Without  then  by  any  mean* 
detracting  from  Mr.  Booth's  imni  In  Uuving  also  conceived  that 
ingenious  idea,  the  prior  claim  rests,  nevertheless,  with  the 
French  engineer. 

The  fact  may  lie  easily  verified  in  Knglnnd,  by  looking  for  a 
description  of  the  patent  in  some  of  the  following  works,  which 
arc  certainly  to  be  found  in  the  British  Museum  and  other  chief 
Knglifh  libraries:  Annates  de  t' Industrie  FranvaUe  et  Elrangere, 
on  Recueil  Industrie!  et  Manu/acturier,  anni'e  1 828 ;  Bulletin  de  la 
Soei/te'  d' 'Encouragement  pour  I' Industrie  Xutivrwle,  anntc  1898  ; 
Description  de*  Machines  et  Procidr's  consiynis  dan*  let  Hrcvett 
d' Invention,  de  Perfectionneinent  et  d' Importation,  publiee  d'apris 
le*  Ordret  du  Mini/Ire  de  I'lntcrieur  et  du  Commerce.  This  last 
work  only  gives  the  uV-criptiun  of  expired  patents  ;  so  that  M. 
Seguin's  will  be  found  in  the  year  1838. 

In  an  American  edition  of  Wood's  work  on  Railways  (page 

338)  we  find,  that  in  1825  Mr.  John  Stevens,  of  lloliokin  i"  the 

of  New   Jersey,   constructed   and   employed   n   locomotive 

engine,   the  boiler   of  which   consisted  entirely   of  tubes  of  very 

small  diameter  filled  with  water.      But  as  in  the   boiler*  we  speak 
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Skct.  II.    Of  the  Action  of  the  Cylinders. 

Tin*  second  important  |»art  of  the  engine  is  the 
apparatus  of  slides  and  cylinders.  Fig.  5  is  also 
designed  to  show  its  disposition. 

In  the  Upper  part  of  the  boiler,  that  is  to  say,  in 

l>art  occupied  by  the  steam,  is  a  large  tube 
\  \ "\ '",  called  the  steam-pipe.     It  is  open  at  one 

\  and  leads  out  of  the  boiler.  By  this  tube 
the  steam  is  conducted  into  the  cylinders.  At  \  . 
in  the  interior  of  the  tube,  is  a  cock  or  regulator, 
the  handle  T  of  which  extends  out  of  the  engine 
By  tutiiin:.'  that  handle  more  or  less,  the  passage  for 
the  ■team  may  be  oj>ened  or  >-hut  at  will. 

-am,  being  generated  in  great  abundance 
the  boiler,  and  unable  to  escape  out  of  it,  acquires  a 

Idertble  degree  of  elaetto  force.    If  at  that  mo- 

'  the  ooi  k  N>  i  Dpi  Eked,  the  steam,  penetrating 
into  Qm  In!).'  !>v  the  Bpertnni  V,  follows  it  to  the 
entrance  r  of  the  slide-box.  There  a  sliding  valve 
x,  winch  moves  at  the  same  time  with  the  engine, 

openi  a  communication  to  the  steam  successively 

with    Ml  li    and    dI    the    cylinders,  and    this  stcun 
drive-  i  ii  alternately    from  one  extremity  of 

the   cyttnden   lo    the    other       The   cylinders  are 


Im  fl»mr  mn!  DOl   the  WiUw  tluit   fitln  the  tuben.  wlu.h 

racttoOa  llt«  fitrt  re. 
ported  try  the  Auieriean  editor  doe*  not  di«provc  the  remark 
iMUblMhed  »bn 


placed  horizontally  at  the  bottom  of  the  smoke-lx>x, 
where  the  passage  of  the  flame  and  the  sides  of  that 
box  protect  them  against  the  condensing  effect  of 
the  cold  air,  and  keep  them  in  a  proper  degree 
of  heat. 

The  direction  of  the  arrows  in  the  figure  ma 
the  line  of  Circulation  followed  by  the  steam,  from 
its  entrance  at  the  aperture  V,  as  far  as  the  slide- 
box.  In  the  situation  in  which  the  slide  is  here 
represented,  passage  1  is  open  to  the  steam,  and 
equsntly  the  piston  is  pushed  in  the  direction 
of  the  arrow.  At  the  following  instant,  passage  2 
will  be  open  in  its  turn,  and  the  piston  will  be 
pushed  the  contrary  way.  When  the  steam  bu 
produced  its  effect,  it  passes  into  the  tube  v,  and  is 
conveyed  by  it  to  the  chimney,  through  which  it 
pea  into  the  atmosphere 

The  introduction  of  the  steam  takes  place  at  V, 
in  a  dome  called  the  steam-dome,  purposely  ele- 
vated, that  the  jolting  of  the  engine  and  the  ebul- 
lition may  not  cause  the  water  of  the  boiler  to  get 
into  the  oj>ening  V. 


Sect.  HI.    Of  the  Cranks  and  Wheels. 

The  piston-rods  being  set  in  motion  aecording  to 
the  foregoing  explanation,  and  sliding  in  guides 
which  prevent  any  deviation  from  a  rectilinear 
horizontal  motion,  communicate  a  rotatory  move- 
ment   to   the  axle   of  the    two    large    or    drawing 


<  -irAlTKR     I. 


to   overcome,    so    that    we    shall    successively    en- 
deavour to  determine  as  well  the  resistance  of  the 
waggons  as  that  which  belongs  to  the  engine  it 
either  when   it    moves  alone   or  when   it  draws  a 
load  idler  it. 

With  these  primary  data  we  shall  pass  to  the 
general  theory  of  the  motion  of  locomotive  engines, 
and  shall  lay  down  the  formulae  hy  which  to  de- 
termine, a  priori,  either  the  speed  the  engine  will 
assume  with  a  given  load,  the  load  it  will  draw  at 
a  given  speed,  or  the  proportions  which  are  to  he 
adopted  in  its  construction,  in  order  to  obtain  any 
intended  effect. 

We  si  ml  I  then  have  to  consider  several  addi- 
tional dispositions  proper  to  the  engine,  which  may 
exercise  more  or  less  influence  on  the  expected 
effects ;  and  we  shall  also  treat  of  some  external 
circumstance-,  the  result  of  which  may  be  of  the 
nature. 

Lastly,  we  shall  show  the  engine's  consumption 
of  fuel  with  given  loads,  and  every  other  kind  of 
expenditure  to  which  it  gives  rise. 

These  inquiries  give  the  solution  of  all  the  most 
hnpoctint  questions  concerning  the  application  of 
locomotive  engines  to  the  draught  of  loads.  Tin  v 
will  sometimes  be  necessarily  sulnlivided  into  several 
iches,  and  require  calculations  and  theoretical 
illustrations,  of  more  or  less  extent,  though  always 
plain  and  easy,  and  a  series  of  experiments  more 
or  leas  numerous;  but  we  shall  take  care  to  main- 
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them,  which  adhesion  causes  than  to  advance  in- 
stead of  slipping  round,  it  might  appear  doubtful 
whether,  on  such  an  even  surface  as  the  rails  of  a 
railroad,  the  engine  could  advance  by  means  of  the 
sole  rotatory  motion  imparted  to  its  wheels,  par- 
ticularly when  the  engine  has  to  draw  a  considerable 
weight.  But  experience  proves,  that  however  slight 
the  adhesion  ot'  a  wheel  to  a  well-polished  rail  may 
appear  to  be,  as,  on  the  other  hand,  the  power 
required  to  draw  a  load  on  a  railroad  is  very  small, 
that  adhesion  is  sufficient,  and  the  engine  pro- 
gresses, followed  by  its  whole  train. 

In  ordinary  cases  the  adhesion  of  two  wheels  is 
sufficient ;  particularly  with  engines  the  weight  of 
Which  is  so  distributed  that  the  drawing-wheels  bear 
a  large  portion  of  it.  When  a  great  power  of  ad- 
lir-ion  is  required  all  the  wheels  are  made  equal. 
In  that  case,  if  necessary,  the  wheels  of  the  same 
side  may  be  connected  together  by  metallic  rods 
•d  on  the  outside  of  the  wheels.  One  of  these 
connecting-rods  is  represented  in  fig.  35,  Plate  III. 
the  prolongation  of  the  axle  beyond  the  wheel. 
The  crank-arm  Co  is  fastened  to  that  prolongation 
of  the  axle,  and  must  necessarily  turn  with  it.  The 
point  o  is  a  ball  and  socket  joint. ;  m  is  a  cotton- 
wick  syphon,  by  which  the  oil  is  fed  into  the  joint ; 
nn  are  keys  designed  to  lengthen  or  shorten  the  rod, 
which  at  its  opjwsite  end  is  joined  in  the  same 
manner  to  the  crank-arm  of  the  other  wheel.  The 
natural  result  ot  this  is,  that  when  the  wheel  or  the 
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axle  C  turns,  it  carries  along  with  it  the  crank-arm 
and  thus  OOUmuniratcs  the  same  motion  to  llie 
Other  extremity  of  the  connecting-rod,  and  by  it  to 
the  crank-arm  of  the  second  axle.  Tims  the  motion 
of   the    machinery    is    communicated    by    the    two 

working  wheels  to  the  others,  and  the  engine  then 

adheres  by  all  its  wheels. 

In  order  that,  while  in  motion,  the  engine  may 
BO!  slip  off  the  rails,  which,  we  know,  are  iron  band 
projecting  ul>ovc  the  ground,  the  wheels  have,  on 
the  inner  side,  a  Bange  that  prevents  any  lateral 
motion.  But  as,  on  the  other  hand,  that  flange 
ought  not  to  be  in  danger  of  constantly  robbing 
against  the  Bide  Of  the  rail,  the  tire  of  the  wheel 
is  not  exactly  cylindrical,  but  slightly  conical.  Its 
diameter  is  a  little  larger  on  the  side  of  the  flange 
than  on  the  outward  side;  the  consequence  of 
Which  iS,  that,  Supposing  the  engine  were  to  Ik-  for 
it  pushed  to  the  left,  the  left  wheel,  resting 
on  its  bruadest  part,  would  pass  over  more  way  than 
tin  right  wheel,  and  by  that  means  bring  the  engine 
back  to  i  place  lietween  the  rails.     Wheels  of 

such  a  fbfn  DIM  In-  seen  in  tigs.  8  and  4. 


Sect.  I\     Qftiu  Sqfity  Valvct. 
The  three  preceding  points  form  the  foundation 

i.|     ih.  ,    the    oilier   parts 

accessory .    that   is   to  say,   essential  onl\    In 

ormer  in  action.    The  bouer  has 
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two  safety-valves  E,  F  (figs.  1  and  2),  one  tf  which, 
F,  is  sometimes  shut  up  in  a  box,  to  put  it  out  of 
the  reach  of  the  engine-man,  and  to  prevent  him 
bom  overcharging  it,  as  he  might  be  tempted  to  do 
in  order  to  obtain  from  the  engine  a  patter  effect, 
Q  at  the  risk  of  damaging  it.  More  commonly, 
however,  this  precaution  is  given  up,  on  account  of 
ita  inconvenience. 

The  object  of  these  valves  is  to  let  the  steam 
[>c  into  the  atmosphere,  as  soon  as  its  elastic 
force  attains  a  limit  beyond  which  it  might  be  dan- 
gerous to  the  boiler.  They  may  also,  by  being 
properly  loosened,  be  used  to  measure  the  pressure 
of  the  steam  ;  but  as  this  point  demands  some  de- 
velopement,  we  shall  hereafter  make  it  the  subject 
of  a  chapter. 


Sect.  V.    Of  the  Water-Gauge. 

A  gauge  is  likewise  fixed  to  the  engine  to  show 
at  what  height  the  water  stands  in  the  boiler.  This 
range  is  a  glass  tube,  mn  (fig.  7),  enchased  at  both 
its  ends  in  two  verrels  aa,  with  cocks  communi- 
cating with  the  interior  of  the  boiler  and  apjwaring 
outside,  as  may  be  seen  in  the  figure.  When  the 
two  cocks  rr  at  top  and  bottom  of  the  tube  are 
opened,  the  water  penetrates  into  the  tube  and  takes 
the  same  level  as  in  the  boiler.  The  cock  S  is 
designee!  to  let  that  water  afterwards  run  oft".  This 
instrument  informs  the  engine-man  when  the  ap- 
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puratus  wants  a  supply  from  the  pump.  As,  how- 
ever, the  tubes  and  other  parts  of  the  boiler  bed" 
to  sufl'er,  that  is  to  say,  are  apt  to  crack,  when  the 
water  gets  too  low  in  the  engine,  there  are,  for  still 
further  surety,  on  tin-  side  of  the  boiler,  two  and 
sometimes  three  small  cocks,  placed  at  different 
height!  ;  by  opening  which,  one  after  the  other,  the 
level  of  the  water  in  the  interior  may  be  also  as- 
certaiiu'd. 

Sect.  VI.   Of  th><  Midet. 

Another  im|K>rtant  object  yet  remains  to  be  elu- 
cidated. We  have  said  above  that  the  slide-valve 
admits  successively  the  steam  above  and  l>elow  the 
piston  of  each  cylinder,  the  result  of  which  is  I  lie 
mate  motion,  source  of  the  final  progressive 
motion  of  the  engine.  The  engine-man  then  having 
opened  the  regulator  or  cock  that  admits  the  si 
into  the  pipes,  the  steam  proceeds  from  the  boiler 
throtigli  the  tube  v  (6g.  8)  into  the  steam  chesl  or 
■slide-box,  and,  pressing  with  all  its  force  on  the 
upper  |>art  x  of  the  slidiug-valvc,  com]>cls  il  to 
remain  in  immediate  coutact  with  the  plane  on 
which  it  slides  while  performing  its  motion.  When 
ilu    -Iide  is  in  the  situation   in  which  it  is  r< 

•  d  in  tig.  8,  the  steam  takes  the  way  marked  I, 
acts  upon  the  piston,  and  pushes  it  in  the  direction 
of"  the  arrow.  In  the  meanwhile,  the  steam  under 
I  he  piston  escapes  through  the  passage  2,  which 
then  OOmnunicatcs  with  the  atmosphere  by  means 
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of  the  aperture  e.  When  this,  first  effect  has  been 
produced,  the  slide,  by  means  of  its  rcxl  /,  is  puslmi 
in  the  position  marked  by  the  dotted  lines.  Then, 
on  the  contrary,  it  is  the  passage  2  which  is  open  to 
the  steam  coming  from  the  boiler:  it  pushes,  con- 
sequently, the  piston  in  the  opposite  direction  to  its 
first  motion,  while  the  passage  L,  communicating 
in  its  turn  with  the  aperture  e,  gives  free  egress  to 
the  steam  thai  has  produced  its  effect.  The  al- 
ternate motion  continues  thus ;  the  slide  passing 
from  one  position  to  the  other,  by  which  it  opens 
and  shuts  successively  the  passages  or  steam-ports, 
so  that  the  steam  may  act  alternately  above  and 
below  the  piston.  The  steam  is  afterwards  led  to 
the  chimney,  as  will  be  explained  hereafter,  there  to 
augment  the  current  of  air  by  which  is  caused  the 
draught  of  the  fire. 

The:  motion  of  the  slide  is  regulated  in  such  wise 
that,  in  accompanying  the  motion  of  the  piston,  it 
nevertheless  precedes  it  by  an  instant  of  time  ;  that 
is  to  say,  instead  of  opening  the  passage  for  the 
stroke  of  the  piston,  just  at  the  moment  the  piston 
is  about  to  begin  that  stroke,  it  opens  it  a  little 
beforehand.  We  shall  have  occasion  to  come  back 
to  this  point,  and  it  will  appear  that  this  disposition, 
favourable  to  the  speed  of  the  engine,  may  be  ad- 
vantageously employed  within  certain  limits ;  but 
that  beyond  those  limits  it  is  prejudicial  to  the 
maximum  load  which  the  engine  is  able  to  draw. 
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Sect.  VII.    Of  the  Eccentric  Motion. 

The  alternate  motion  ol  the  -lulc  is  performed  OJ 
ili<-  BtBOID  itself.  Some  attention  is  requisite  to  get 
I  dear  conception  of  this 

An  eccentric  wheel  is  fastened  to  the  axle,  and 
while  the  axle  turns,  the  eccentric,  drawn  along  liy 
its  motion,  pushes  and  draws  alternately  the  rod  of 
the  slide. 

This  effect  is  represented  in  figures  9  and   10. 

i  In-  point  ()  is  the  centre  Of  the  axle,  the  section  of 
which  is  here  hatched.  The  point  mi  is  the  centre 
of  the  eccentric,  hatched  in  a  contrary  direction 
The  axle,  in  turning,  draws  the  eccentric  along  with 
it.  and  consequently  makes  the  |>oint  m  describe  a 
circle  round  the  point  O.  In  that  motion  the  point 
"',  passing  successively  to  the  right  and  the  left  of 
the  centre  O,  must  necessarily  push  and  draw 
alternately  the  shaft  L,  which  acts  upon  the  slides. 

On  the  other  haml,  the  |>oint  C  representing  the 
extremity  or  throw  of  the  crank  of  the  axle,  which 
i-  set  111  motion  liy  the  piston,  it  will  appear  that 
when  the  steam,  pushing  the  piston  from  one  end  of 
the  cylinder  to  the  other,  makes  the  crank  revolve 
half-way  round,  the  axle  makes  also  the  half  of  a 
ution  round  itself;  therefore  the  point  m  de- 
scriheH  the  half  of  a  circumference  round  the  point 
O,  and  consequently  the  eccentric  pushes  the  slide- 
rod  /,  from  Q  nun   poritioni  to  the  other, 

that  i*.  from  one  end  of  its  stroke  to  the  other. 
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Thus  placed,  by  this  first  operation,  the  slide  now 
admits  the  steam  on  the  opposite  side  of  the  piston. 
The  piston  then  goes  back,  makes  the  axle  revolve 
again  half-way  round,  whereby  the  slide  is  brought 
back  to  its  original  position,  which  suits  the  next 
stroke  of  the  piston  ;  and  so  on. 

The  effect  of  drawing  and  pushing  alternately  the 
slide-rod,  by  means  of  the  rotation  of  the  eccentric, 
is  accomplished  by  a  metallic  ring  n»  fixed  to  the 
end  of  the  shaft  L,  and  in  which  the  eccentric 
wheel  turns,  the  surfaces  whieh  are  in  contact  being 
smooth  and  lubricated  with  oil.  By  this  arrange- 
ment, while  the  great  radius  of  the  eccentric  passes, 
in  turning,  from  one  side  of  the  centre  to  the  other, 
it  carries  along  with  it  the  shaft  fastened  to  the 
ring,  and  communicates  to  that  shaft  the  alternate 
motion. 

By  this  it  will  be  seen  that  the  eccentric  wheel 
acts  here  the  part  of  a  common  crank,  for  trans- 
forming the  circular  motion  of  the  axle  into  an 
alternate  motion  applied  to  the  slide,  on  the  con- 
trary principle  to  that  which  changes  the  alternate 
motion  of  the  piston  into  a  circular  motion  applied 
to  the  axle  of  the  engine;  but  the  eccentric  dis- 
penses with  the  crank  which  would  have  been 
pecessary   in   the  axle. 

However,  as  by  the  disposition  of  the  engine  the 
slide-rod  is  not  in  the  same  plane  with  the  axle,  the 
eccentric  does  not  communicate  the  motion  directly 
to  the  slide-rod  itself,  but  bv  means  of  the  cr 
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axle  L'K/'.  whose  fixed  point  is  at  K  ;  and  the 
consequence  is,  that  when  tin-  eccentric  goes  hack, 
I  lie  slide-rod  advances,  and  vice  versii,  as  may  be 
seen  in  the  figure. 

A  comparison  between  the  figs.  9  and  10,  the 
difference  of  which  is  a  quarter  of  a  revolution,  will 
make  the  above-mentioned  effects  perfectly  intel- 
ligible. 

By  examining  the  motion  of  the  slide  (figs.  10 
and  26)  it  will  be  Been,  that  while  passing  from  one 
of  its  situations  to  the  other,  and  when  it  happens 
to  Ik  in  the  middle  j>ositio:i,  there  occurs  an  instant 
during  which  both  the  passages  or  steam-ports  are 
shut.  This  effect  takes  place  at  the  moment  the 
slide  changes  the  ]»aS8ages  of  the  steam,  and  cor- 

■  (muds  with  the  point  where  the  pi-ton  change* 
its  direction.  This  coincidence  can  only  take  place 
because,  setting  aside  the  lead  of  the  slide,  the 
radius  of  the  eccentric  is  at  right  angles  with  the 
radius  of  the  crank.  In  fact,  the  slide  is  necessarily 
thus  in  its  middle  position,  that  is  to  say,  changing 
the  communications  of  the  steam,  at  the  same  time 
as  the  piston  is  at  the  bottom  of  the  cylinder,  ready 
also  to  alter  the  direction  of  its  motion.  This  cor- 
relativeness  of  motions  i*  clearly  exhibited  in  the 
figure. 

The  particular  advantage  of  the  eccentric  being 
thus  placed  at  right  angles  with  the  crank  is,  that 
the  eccentric  is  in  full  action  when  the  crank  is  on 
its  centre,  or  the  piston  at  the  bottom  of  th< 
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Under:  that  is  to  say,  that  the  slide  is  in  its  most 
rapid  motion  just  at  the  moment  that  it  is  to  open 
or  shut  the  steam-ports ;  which  circumstance  is 
necessary,  to  prevent  time  being  lost,  in  the  al- 
ternate effect  of  the  steam. 

In  order  that  the  steam-ports  may  not  begin  to 
close  immediately  after  having  heen  opened,  the 
slide  is  so  disposed,  that  after  having  uncovered  one 
of  the  ports,  it  continues  its  motion  for  a  short  space 
before  beginning  to  return.  This  effect,  which  is 
called  the  travel  of  the  slide,  is  represented  in  the 
figs.  9  and  11.  By  this  disposition  the  uncovered 
port  remains  entirely  open  while  the  si i tie  is  jht- 
forming  its  travel  going  and  coming,  and  the  op- 
posite port  continues  to  l>c  entirely  closed.  It  will 
be  remarked  that  this  part  of  the  motion  of  the 
slide  is  precisely  the  slowest  of  its  stroke  ;  but  as 
the  slide  begins  to  pass  again  over  the  steam-ports, 
it  acquires,  on  the  contrary,  its  greatest  velocity, 
because  the  eccentric  is  then  in  its  most  rapid 
motion.  This  disposition  then  causes  the  aperture* 
to  be  entirely  open  or  closed  during  the  greater  part 
of  the  time  employed  in  performing  each  stroke, 
and  to  change  them  as  suddenly  as  possible  at  the 
most  favourable  moment  for  so  doing. 

That  the  travel  of  the  slide  may  not  have  the 
effect  of  reducing  too  much  the  eduction-port  r, 
care  is  taken  to  make  the  latter  of  such  width  that, 
notwithstanding  the  portion  of  it  which  is  covered 
by  the   flange  of  the  slide,  it   still   retains  a   width 
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I  tu  that  of  each  of  the  other  steam-ports. 
Thus,  for  instance,  the  width  of  the  steam-ports 
is  1  inch  each ;  that  of  the  bars,  or  separations 
in  tin-  portl,  1  inch;  and  the  eduction-port  c, 
1}  inch.  Then,  exclusive  of  the  slight  overlap  of 
the  slide,  of  which  we  shall  presently  sj>cak,  the 
slide  may  have  a  travel  of  ^  inch  ;  for  it  is  plain 
that  in  the  extreme  position  of  the  latter,  the  cduc- 
lion-port  will  never  be  reduced  to  less  than  an  inch, 
which  Is  the  width  of  the  steam-ports. 

Finally,  when  the  slide  is  in  its  mean  position, 
it  not  only  intercepts  at  once  both  the  steam-ports, 
as  is  seen  represented  in  figs.  10  and  2G,  but  it 
0T»  i  laps  them  by  a  small  flange,  the  object  of  which 
i-  to  remove  all  possibility  of  one  of  the  passages 
ever  being  open  before  the  other  is  completely 
closed.  This  overlap  is  usually  from  ^  to  £  inch, 
and  it  is  plain  that,  being  added  to  each  side  of 
the  slide,  it  diminishes  by  so  much  the  travel  of 
the  latter,  us  has   Ix-cn  said  aliovc. 


SlCT.  VIII      Of  the  Driver*. 

Until  now  we  have  sjKtken  as  if  there  were  only 
one  slide,  but,  having  said  then  arc  two  cylinders, 
it  is  clear  that  there  must  be  a  slide,  and  conse- 
quently an  eccentric,  to  each  ot  them.  On  the 
other  hand,  the  two  pistons,  alternating  one  with 
the  Other  in  their  motion,  that   is  to  say,    acting 
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upon  two  cranks  perpendicular  to  each  other,  as 
has  been  explained,  the-  radii  of  the  two  eccentrics 
must  necessarily  stand  also  at  right  angles  with 
other.  This  diapaatioo  may  be  seen  in  figs.  1 1 
and  12,  where  the  piece  forming  the  two  eccentrics 
i^  represented  in  front.  To  make  it  more  clear  it 
is  marked  by  hatchings. 

This  piece  must,  as  has  been  said,  move  with 
and  be  carried  along  by  the  axle.  However,  if  it 
were  permanently  fixed  on  the  axle,  its  position 
might  suit  when  the  engine  is  going  forward,  and 
not  when  it  is  to  go  backward ;  for  it  will  be  seen 
that,  for  theM  two  motions,  the  eccentric  must 
be  fixed  in  two  different  positions. 

This  piece  is  therefore  loose  upon  the  axle,  like  a 
pulley  on  its  axis,  but  it  can  be  fastened  to  it  at 
will.  To  that  effect  it  has  two  apertures,  repre- 
sented at  O  and  O' ;  and  the  axle  itself'  carries 
two  pins  rr,  which  are  called  drivers.  The 
eccentric  being  placed  on  the  axle  between  the 
two  drivers,  it  is  easy  to  push  it,  by  means  of 
a  lever,  either  against  one  or  against  the  other, 
until  the  driver  enters  into  the  aperture  designed 
for  it;  so  that  from  that  moment  the  eccentric 
may  be  drawn  along  by  the  axle.  Moreover,  if  these 
two  drivers  be  placed  in  such  a  manner  that  one 
may  suit  the  progressive,  and  the  other  the  retro- 
grade,  motion  of  the  engine,  then,  by  shifting  the 
in  the  one  to  the  other,  the  engine  may 
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be  made  to  go  either  forward  or  backward  at  plea- 
sure. 

There  is  no  difficulty  in  fixing  the  place  that  the 
eccentric  must  occupy  on  the  axle,  either  for  the 
progressive  or  for  the  retrograde  motion. 

Let  us  suppose,  that  by  pushing  the  BOgUM 
gently  along  the  rails,  we  bring  one  of  the  pis- 
tons to  be  just  in  the  middle  of  the  cylinder,  and 
that  precisely  at  the  same  instant,  the  crank  on 
which  that  piston  acts  is  in  its  vertical  posit  1 00 
above  the  axle,  us  in  fig.  5;  it  Ls  clear  that,  to  make 
the  engine  go  forward,  the  steam  must  push  the 
piston  forward*,  for  then  the  piston  will  earn*  along 
with  it,  in  the  same  direction,  both  the  crank  and 
the  wheels.  Consequently  the  slide  must  admit  the 
steam  by  the  port  No.  1 ,  or  be  drawn  forward  as  it 
is  represented  in  fig.  5,  which,  by  referring  to  fig.  9, 
requires  that  the  radius  of  the  eccentric  be  hori- 
zontal, and  placed  at  the  back  of  the  axle.  This 
■  therefore  the  point  at  which  the  driver  must  fix 
the  eccentric  for  the  progressive  motion. 

The  engine  remaining  in  the  same  position, 
let  us  suppose  that  we  wish,  on  the  contrary,  to 
disjKise  it  for  the  retrograde  motion.  The  steam 
must  arrive  on  the  opposite  face  of  the  piston,  that 
'  lie  port  No.  2  must  be  opened  to  it ;  which 
mppOM  that  the  slide  is  pushed  backwards,  and 
consequently  that  the  eccentric  is  in  front.  It  is 
therefore    liori/outallv,    and    in    front    of  the  axle. 
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that  the  eccentric  must  be  fixed  by  means  of  the 

driver. 

This  is  exactly  the  position  of  fig.  12.  By  ob- 
serving the  crank  A,  we  see  that  while  that  crank 
is  vertical  and  above  the  axle,  the  driver  r,  and 
tin  aperture  that  receives  it,  are  behind,  and  hidden 
by  the  axle;  consequently,  the  eccentric  is  hori- 
zontal, and  in  front, — a  position  which,  as  we  have 
seen,  suits  the  retrograde  motion.  The  driver  r  is 
therefore  placed  for  the  retrograde  motion,  since 
it  keeps  the  eccentric  in  that  position. 

To  return  to  the  first  case,  if  we  now  suppose, 
on  the  contrary,  that  the  eccentric  be  pushed  against 
the  other  driver  r,  the  corresponding  aperture  of  the 
eccentric  being  at  C,  that  is  to  say,  not  being  in 
front  of  the  driver,  the  consequence  will  be  that, 
the  eccentric  not  stirring  out  of  its  place,  the  axle 
will  have  to  turn  half  round  before  the  driver  can 
enter  into  the  aperture.  From  this  it  follows,  that 
if  we  continue  to  examine  the  crank  A,  it  will  be 
found  to  have  arrived  under  the  axle,  while  the 
eccentric  will  still  be  in  the  front,  which  is  the 
position  that  suits  the  progressive  motion  ;  for  it  is 
the  same  as  that  of  the  crank  above  the  axle  and 
the  eccentric  behind,  which  has  been  explained 
above. 

Tli us,  wc  see  that  the  two  drivers  r  and  r,  in 
figs.  11  and  12,  being  placed  at  right  angles  with 
each  other,  and  with  the  cranks  of  the  axle,  are 
in  a  proper  |>osition,  one  for  the  progressive,  and 
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1 1  a  other  for  tlie  retrograde,  molion  of  the  engine  . 
and  thai  In  pushing  the  ccoentrie,  hy  means  of  a 
lever,    either  on  Uie  one  or  on  the  other  00    the 

drivers,   the  effect  of  the  steam  on  the  piston  will 

Immediately  be  to  carry  the  engine  either  forwards 

or  backwards,  according  to  the  driver  with  which 
it  has  been  thrown  in  gear.     The  lever  which  causes 

the  change  of  position  of  the  eoceatrici  is  placed 

in  such  a  manner  as  lo  present  its  handle  within  the 
reach  of  the  engine-man,  on  the  plate  on  which 
he  glands. 

Besides  these  several  <li-|H>-.iliniis,  in  order  that 
the  man  who  directs  the  engine  may,  himself  and  ol 
his  own  accord,  move  the  slides  independently  of 
the  motion  of  the  axle,  the  shafts  of  the  eccentm 
are  not  invariably  fixed  to  the  slide-rods.  They  are 
Onl)  fastened  to  them  by  a  notch  L',  tigs.  13  and 
14.  Hy  means  of  I  lever  acting  on  the  small  rod 
mo,  the  engine-man  can  raise  the  shaft  of  the 
eccentric  and  disengage  it  from  the  notch,  as  may 
be  seen  in  fig.  H.  Then  the  slides  are  at  liberty  to 
move  independently  of  the  axle;  and  therefore  it  is 
easy,  by  means  of  two  handles  represented  by  PP, 
;•*.  2,  8,  4,  ami  connected  with  the  slide-rods, 
lo  give  to  the  slides  the  required  motion 

In   some   modern  engines,   four   eccentrics    are 
employed  intend  of  hroj  namely,  two  (or  the  pro* 

grcssivc  motion  of  the  engine,  and  two  for  the  re- 
trograde; either  pair  being  set  according  to  the 
direction   in   which   the  engine  is  intended  to  move. 
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I  Ins  arrangement  advantageously  supplies  the  place 
of  the  drivers,  because  it  is  of  a  surer  ellect ;  but  as, 
with  respect  to  explication,  it  amounts  precisely  to 
the  same,  we  shall  not  lure  enter  into  the  detail  of 
that  construction. 


Sect.  IX.    Of  the  Pumps. 

I  nder  the  body  of  the  engine  arc  two  pumps  p, 
(fig.  2,)  the  use  of  which  is  to  replenish  the  boiler 
with  water.  Each  of  them  is  placed  immediately 
under  the  piston-rod  of  each  cylinder,  and  is  worked 
bj  it.  Each  pump  sucks  the  water  of  the  tender 
into  the  cylinder  of  the  pump,  on  the  one  hand,  and 
on  the  other  hand,  forces  it  from  the  cylinder  of  the 
pump  into  the  boiler,  in  the  usual  way.  By  having 
two  pumps  the  replenishing  of  the  boiler  is  secured, 
as,  in  case  one  of  the  two  were  to  get  out  of  order, 
the  other  may  easily  supply  its  place.  These  pumps 
are  in  continual  action ;  yet  they  can  only  force 
water  into  the  boiler  when  the  cock  of  the  suction- 
pipe  is  opened,  thereby  to  let  the  water  of  the 
bender  come  into  the  cylinder  of  the  pump. 

The  valve  of  these  pumps  is  ingeniously  made  of 
a  small  metallic  sphere,  resting  on  a  circular  seat, 
on  which  it  alwavs  exactly  fits.  Its  action  takes 
place  by  rising  within  a  cylinder,  the  sides  of  which 
are  pierced  with  four  apertures  for  the  passage  of 
the  water.  One  of  these  valves  is  represented  in 
fig.    15.     The  water  is  introduced  through  a,  from 
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i    .  tk  I  ■■  linder,  under  the  spherical  ball 

which  it  mine*,  and  is  diffused  in  the  bodj  ot "  tin- 
|iuiii|i  li)    H  ires&i.     This  form  of  a  \ 

never  misses  its  effect  ;  and  the  pumps  winch,   in 
iIm    Imlnnillj.   MR  continually  out  of  order,    are 

i n -in  that  delict,   since  Mr.  John  Melliug,  of 
Ijvcrpool,  first  introduced  that  sort  of  valve. 

Skct.  X.    Of  the  Regulator. 

The  regulator,  of  which  TC  have  s|>oken  ibofC 
and  by  means  of  which  the  passage  leading  from 
the   boiler  to  the  cylinders  may  lie  more  or   less 
ojH-ned,  in  represented  in  figs.  32  and  33.    It  simply 
i  K  .it   tffO    metallic    di-ks    placed    above   and 
exactly  tilting  each  other,  both  having  an  aperture 
of  the  name  size.     The  inferior  disk  is  immoveable, 
and  shuts  the  pipe  through   which    the  steam  es- 
capes.    The  superior  disk  is  moveable,  by  means  of 
■  handle  T,  which  projects  out  of  the  engine ;  the 
■tern  r  of  the  handle  passes  through  the  moveable 
tnd  enters  the  other  in  its  centre,  so  as  to 
Ixilh    in  a  right  position  over  each  other.      In 
fig.  32,  these  Cm  flhlm  are  distinguished  from  each 
.     hatching*    running   different    ways.      By 
moving  the  superior  disk   K,  with   the  handle   T, 
circularly  on   the  inferior  disk,   the  two  aj>crturcs 
may  be  brought  to  correspond  exactly  with  each 
other,  as  in  fig.  32,  ami  then  the  passage  is  entirely 
li  niilv    partially  moved,  as  represented  hv 
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the    dotted    lines    in    fig.    .'k'i,    the  passage  is  only 
partially  opened  ;  and  when  the  two  apertures   do 
not  correspond  at  all,  the  communication  is  com- 
iy  intercepted:  when  the  passage  is  thus  shut, 
it  is  the  steam  itself  that  keeps  the  two  disks  in 
immediate  contact    with    each    other,    by    pressing 
with  all  its  force  on  the  superior  disk. 
This  regulator  may  also  be  constructed  in  a  dif- 
Bt  way.      It  is  sometimes  made  in  the  form  of  a 
common   two-way  cock,   the  steam   coming  from 
above ;  but  the  one  described  above  is  most  com- 
monly used. 

Sect.  XI.    Of  the  Joints  or  rubbing  parts. 

In  all  the  joints  of  any  importance  the  oil  is  fed 
without  interruption  by  means  of  a  cup,  with  a  wick- 
syphon  placed  above  the  joint,  as  in  fig.  35,  Plate  11. 
This  cup  is  made  in  the  form  of  a  school-boy's  ink- 
horn,  so  that  the  velocity  of  the  motion  may  not 
spill  the  oil ;  and  there  is  at  the  bottom  of  it  a  small 
tube,  penetrating  to  the  entrance  of  the  joint.  A 
cotton-wick  dipping  in  the  oil  of  the  cup  passes 
into  the  tube,  and,  sucking  continually  the  oil  out  of 
the  cup,  drops  it  into  the  joint  without  interruption. 


Sbct.  XII.    Of  the  Fire-grate. 

The  grate  in  the  fire-place  is  not  made  of  a  single 
piece.     It   is  formed  of  separate   bars,   which   are 
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placed  ude  by  side  at  the  bottom  of  the  tire-place, 
when-  tlu:y  arc  supported  at  their  two  ends.  Tin- 
advantage  of  this  arrangement  is  the  facility  it 
affords  of  replacing  the  burs  individually  by  new 
ones,  when  they  are  worn  out  by  the  intensity  of  the 
file.  Besides,  if  any  accident  should  happen  to  the 
boiler,  and  make  the  water  run  off  unexpectedly, 
thus  endangering  the  engine,  the  engine-man  may, 
by  means  of  a  hook,  easily  turn  the  bare  upsida 
down,  and  consequently  extinguish  the  fire  immedi- 
ately by  letting  it  fall  on  the  road,  with  the  bare 
that  supported  it.  It  is  also  thus  that  every  even- 
ing the  fire-place  is  emptied,  after  the  engine  has 
finished  its  work. 


Sect.  XIII.   Of  the  disposition  of  the  different  part*. 

We  shall  complete  this  description  by  shoving 
on  the  whole  engine,  as  represented  in  figs.  1 ,  '2,  and 
3,  the  places  occupied  by  the  different  parts  of 
which  we  have  spoken. 

A,     Part  of  the  Ixiilcr  containing  the  tire-place. 
BB,  Stand  for  the  engine-man  and  his  assistant. 

C,  Chimney  <>f  the  engine. 

D,  Place  of  the  cylindeis 

E,  First  safety-valve,  with  lever  and  spi  in^  balance, 

as  will  Ik-  explained  hereafter. 

F,  Second  sjfety-vnlvc,   constructed  in  the  same 

manner 
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II ,    Gauge -cocks. 

I,       End  of  the  eccentric-rod. 

J,  Horizontal  guides  for  the  head  of  the  piston- 
rod,  so  as  to  ensure  its  motion  in  the  exact 
direction  of  the  axis  of  the  cylinder. 

K,  Cross -axle,  <x>mmunicatiiig  the  motion  of  the 
eccentric-rod  to  the  slide-rod,  1>\  means  of 
the  arms  KL'  and  K  X ,  which  are  fixed  upon 
it.     (See  figs.  9  and  10.) 

L',  Notch  for  throwing  in  gear  the  eccentric-rod 
with  the  cross-axle  which  works  the  slide- 
rods. 

MM,  Rod  by  means  of  which  the  engine-man  can 
raise  the  eccentric- rod,  and  throw  it  out  of 
gear  with  the  cross-axle  which  works  the 
slides.  This  is  performed  by  means  of  the 
arms  m  and  tri  connected  together.  When 
the  engine-man  pulls  the  rod  MM,  lie  causes 
the  arm  m  to  rise,  and  with  it  the  small  rod 
mV,  which  lifts  the  eccentric-rod  out  of  gear 
with  the  arm  KL'. 

N,  Handle,  by  means  of  which  the  engine-man 
pulls  the  rod  MM,  so  as  to  produce  the 
aforesaid  efl'ec  t . 

PP,  Handles  to  move  the  slides  when  they  are 
thrown  out  of  gear  with  the  eccentrics.  The 
handles  acting  upon  the  cross-axle  Q,  move 
the  cross-heads  RR,  which  are  fixed  to  it. 
This  motion  is  communicated  by  means  of 
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the  rod*  SS  to  the  crow  heads  rr.  which  act 
upon  the  axle  working  tbe  »bde». 
T.     I  Jaudle  of  the  regulator,  to  open  more  or  lea* 
the  aperture  through  which  the  steam  passes 
from  the  boiler  to  the  cylinders. 
V,     Steam  dome,  in  which  the  steam  is  confined 
till  it  can  escape  through    the-   aperture  of 
the  regulator,   and  penetrate  into  the  cy- 
linders. 
U,    Man-hole,  or  aperture  closed  by  a  strong  iron 
plate,  and  large  enough  to  admit  a  man  into 
il.t   Ixiilrr,  when  necessary. 
XXX,  Iron  knees,  hy  which  the  l>oiler  is  fixed  to 

tin-  faunr  i.'i  the  carriage. 
'/.'/.,  Springs  resting  at  m  on  the  chairs  of  the 
wheels,  hy  means  of  two  vertical  pins  pass- 
ing through  holes  in  the  fnune  of  the  engine. 
One  end  of  the  pin  resting  on  the  back  of 
ihr-  spring,  and  the  other  on  the  upper 
I'    ill   Ih  the   whole   weight  of  the 

in,  :•   thiiK    supported  hy  the  wheels, 

hut  thfOUgfa  th.    intermediate  Mttoil  0t*  the 
■prings. 
1     Ida  for  the  chair  of  the  wheel  to  slide  up 
rding  its  the  spring  bends 
nn  i  ■  under  the  weight  of  the  engine, 

upjier  |i.ni  oi  the  chair  is  scooped  out 
rm  n  Hiuall  reservoir  for  oil.    This  rcscr- 
'  .  uh  well  as  those  above  mentioned.  COO- 
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tains  a  tube  and  a  syphon-wick,  for  feeding 
constantly  the  oil  upon  the  axle,  at  its  rub- 
bing point  with  the  axle-box. 

e,  Suction-tube,  by  which  the  feeding-pump  draws 
the  water  from  the  tender,  to  transmit  it  to 
the  boiler.  This  tube  is  afterwards  continued 
by  another  flexible  tube  made  of  hemp  cloth, 
bat  supported  within  by  a  spiral  spring, 
and  through  which  the  water  arrives  from 
tin-  tender  to  the  pumps  of  the  engine,  whin 
a  cock  (ixed  to  the  tender  is  opened. 
Feeding-pump  of  the  engine,  which  is  con- 
stantly set  in  motion  by  a  connexion  with 
the  piston-rod  of  the  corresponding  cylinder, 
but  which  cannot  force  any  water  into  the 
boiler,  unless  the  cock  which  lots  the  water 
come  in  from  the  tender  be  opened. 
Handle  and  rod  of  the  safety-cock  of  the  pump, 
■■  rving  to  ascertain  whether  the  water  really 
arrives  in  the  cylinder  of  the  pump.  This 
cock  leads  without,  so  that  when  it  is  open 
and  the  pump  is  working,  a  small  jet  of 
water  may  be  seen  issuing  from  it,  which 
shows  that  the  pump  has  its  proper  effect. 

M,  Buffers,  or  pads  stuffed  with  horse-hair,  to 
deaden  the  shocks  which  may  be  given  or 
received  by  the  engine.  Their  elasticity  is 
sometimes  augmented  by  means  of  a  spiral 
■priog  within  them. 

/,      Cock,  by  means  of  which  the  water  which  is 
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sometimes  carried  from  the  boiler  to  the 
cylinder  may  he  let  out. 

g,  Mud- hole,  or  opening  made  in  the  double 
casing  of  the  tire-box  and  closed  with  a 
screw-bolt.  In  withdrawing  this  bolt,  a 
cleaning-rod  may  be  introduced  into  the 
double  casing ;  and,  by  means  of  a  forcing- 
pump,  water  may  be  injected  with  force, 
to  cleanse  out  the  clay  sediment  left  by  the 
boiling  of  the  water.  This  cleaning  is  usually 
performed  once  a  week. 

A,  (fig.  3.)  Moveable  plate  or  door  of  the  smoke- 
box;  by  opening  which,  the  ends  of  the  tube •-■ 
of  the  boiler,  the  cylinders,  the  slides,  and  the 
steam-pipes  leading  from  the  boiler  to  the 
slide-boxes,  or  from  the  slide-boxes  to  the 
chimney,  are  visible.  This  door  is  opened 
when  it  is  necessary  to  regulate  the  slides, 
as  we  shall  see  hereafter. 

i,  Whistle,  by  means  of  which  the  engine-man 
announces  at  a  distance  the  arrival  of  the 
engine.  It  consists  of  a  sort  of  inverted 
tumbler,  against  the  edge  of  which,  on  turn- 
ing a  cock,  the  steam  is  directed.  The 
forcible  rush  of  this  causes  a  sound  nearly 
like  that  of  a  boatswain's  call.  This  whistle 
is  also  represented  fig.  25. 
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ARTICLE  II. 


Or   THE    PRINCIPAL     PIMENSIONH    OP   Tllf.    ENGINE*. 


Sect.  I.    Of  the  dimensions  of  the  parts  from  which 
the  power  of  the  engine  is  derived. 

The  foregoing  description  applies  to  the  most 
modern  locomotive  engine*,  such  as  those  we  used 
for  our  experiments.  But  to  give  a  more  complete 
irlea  of  them,  we  must  -ay  something  of  their  prin- 
cipal dimensions. 

Locomotive  engines  may  be  constructed  of  all 
and  proportions,  according  to  the  road  on 
.  Iiii  !i  : ',..  y  are  to  move  and  the  work  to  which  they 
BN  destined.  But  to  show  the  dimensions  that 
hitherto  been  most  generally  employed,  we 
will  give  those  of  the  locomotives  of  the  Liverpool 
and  Manchester  Railway,  remarking  at  the  same- 
time,  that  the  engines  most  frequently  constructed 
now  are  those  of  the  largest  dimensions,  and  that 
the  engines  havim;  cylinders  of  8  or  10  inches 
iter  are  only  remains  of  the  old  engines  of  the 
Company.  The  Liveq>ool  and  Manchester  Rail- 
way is  4  feet  8$  inches  wide  from  rail  to  rail, 
and  the  velocity  does  not  exceed  30  miles  an  hour. 
For  railways  of  greater  width,  and  whereon  a  greater 
velocity  is  intended,  engines  of  larger  dimensions 
have  been  constructed.  The  following  Table  then 
is  not  to  be  regarded  as  limiting  the  dimensions  of 
locomotives,  hut  as  intended  merely  to  complete  the 
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foregoing  description,  by  making  known  the  most 
usual  proportions,  and  particularly  those  of  the 
engines  used  in  the  exi>erin»enta  contained  in  toil 
work. 


Dimensions  of  the  Istcomotive.  Engine*  on  the  Liverpool  and 
Manc/unter  RailtNttf  (1836). 


Dim 

Dime- 

Weight el- 
ite 

Effective  pratnm 

of  .■!'. 

..1  ||m 

In  at 

ter  of  the 

m  t he  boiler,  in  tU 

iHh 

aj/tm 

wheeL 

engtot. 

per  square  lath. 

inrllrt. 

Hi'  1" 

feet. 

ft*. 

9 

8  to  10 

I7n 

5 

7  to  8 

50 

.'1 

11 

1G 

.') 

8  to  9 

50 

8 

11 

18 

10  to  19 

60 

•-» 

II 

5 

1 1  u.  IS 

50 

9 

IS 

10 

5 

1 1  to  12 

50 

•-> 

12 

18 

5 

I9ta  l-.'J 

50 

S 

is* 

Ifl 

6 

10  to  It 

CO 

1 

H 

12 

5 

.50 

a 

M 

16 

5 

19 

2 

ia 

16 

5 

19* 

50 

Most  of  these  endues  have  now  six  who.  I- 
hra  of  which,  rive  (est  in  diameter,  are  worked 
by  the  steam,  and  four,  three  feet  in  diauuUT, 
arc  destined  merely  to  sustain  the  weight  of  the 
engine.  Sometimes  the  six  wheels  are  of  equal 
and  arc  all  set  in  action  by  the  steam,  by  means 
of  connecting-rods  which  communicate  the  motion 
of  the  driving-wheels  to  the  four  others.  The  ad- 
vantage of  this  la  I  <li- position  is  to  make  the  endue 
adheiv  to  the  rail-,  by  six  wheels  instead  ol  IWOj  but 
oiooi  apparatus,  invented  bj  John 
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Melling,  foreman  of  the  Company's  factor)'  at  Liver- 
pool,  and  of  which  we  shall  speak  hereafter  in 
Chapter  XIYr.,  allows  the  sunn-  advantage  to  lie 
obtained  with  wheels  of  unequal  diameter ;  which 
besides  are  more  favourable  to  the  convenient  ar- 
rangement of  the  divers  parts  of  the  engine. 

The  end  proposed  in  adopting  six  wheels  rather 
than  four  is  to  lessen  the  wear  and  tear  of  the  rails 
by  dividing  the  weight  of  the  engine  among  six 
supports  instead  of  four.  A  second  motive  also  is 
in  view ;  namely,  to  prevent  all  possibility  of  acci- 
dent in  the  event  of  the  crank-axle  happening  to 
tk.  In  this  case  a  four-wheel  engine  would  run 
the  risk  of  going  off  the  rails,  but  if  supported  on 
six  wheels  the  remaining  four  will  necessarily  keep 
it  on  the  hue. 


Sect.  II.  Dimension*  of  the  Jirc-box  and  boiler  of 
tome  of  the  best  engine*  of  the  Liverpool  and 
Afanchester  Railuny. 

It  is  from  the  dimensions  we  have  just  noticed, 
and  more  especially  from  those  of  the  cylinder  and 
stroke  of  the  piston,  that  the  power  of  locomotive 
engines  is  generally  expressed.  It  will  appear,  how- 
ever, in  the  course  of  this  work,  that  for  such 
expression  of  the  power  to  be  complete,  and  really 
sufficient  to  give  the  effect  of  the  engine  under 
all  circumstances,  the  evaporating  power  of  the 
engine,  or,  which  amounts  to  the  same,  the  heating 
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surface  of  the  bailer,  ought  to  be  considered  also. 
Without  this  principal  element,    an   expression   of 

the  power  of  a  steam  engine  is  mere  illusion. 

In  the  fire-box  and  boiler  re-ides,  in  fact,  the  real 
source  of  the  effects  of  the  engine:  the  cylinder 
and  other  parte  ire  the  means  of  transmitting  and 
modifying  the  power;  but  what  could  be  their  use, 

if  that  power  itself  did  hot  exist? 

To  complete,  therefore,  the  proportions    already 
given  uIkjvc,  we  shall  add  here  a  Table  of  the  di- 
mensions of  the  fire-box  and  boiler  in  the  different 
M    to   which   we  shall   have  occasion   to   refer. 
In  another  part  of  the  work,  our  experiments  will 
ile  us  to  replace  this  complex  datum    by  the 
simple  expression  of  the  evaporating  pOWCV  of  those 
engines.     The  two  most  important  columns  of  this 
Iable  are  those  which  show  the  extent   of  surface 
exposed  to  the  action  of  the  caloric,  whether  radi- 
or  communicative. 

We  introduce  the  enginee  in  the  order  of  the  dates 

•  it  their  construction.    The  two  engines  Goliath  and 

-iy  bear  the  number  1 ,  because  ii  will  be  seen 

father  on,  in  Chapter  X  .  that  in  rebuilding  those 

i  ues.  boilers  were  adapted  to  them  different  from 

those  which  they  hud  originally,  that  is  to  say,  dif- 

it  from  those  which  appear  in  this  Table;  and 

ball  have  to  distinguish  these   new 

boilers  by  the  uuml>er  1 1. 
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-iinfiimea  carried  from  the  boiler  to  the 
cylinder  may  be  let  out. 

g,  Mud- hole,  or  Opening  made  in  the  double 
casing  of  the  fire-box  and  closed  with  a 
screw-bolt.  In  withdrawing  this  bolt,  a 
cleaning-rod  may  be  introduced  into  the 
double  casing;  and,  by  means  of  a  forcini;- 
pompi  water  may  be  injected  with  force, 
to  clransc  out  the  clay  sediment  left  by  the 
boiling  of  the  water.  This  chining  i-  usually 
|>crformed  once  a  week. 

A,  (fig.  8.)  Moveable  plate  or  door  of  the  smolu - 
box;  by  opening  which,  the  ends  of  the  tube*. 
of  the  boiler,  the  cylinders,  the  slides,  and  the 
sleum-pijx*  leading  from  the  Ixalcr  to  the 
slide-boxes,  or  from  the  slide-boxes  to  the 
cbiiiiney,  are  visible.  This  door  is  opened 
when  it  is  necessary  to  regulate  the  slides, 
M  we  shall  see  hereafter. 

;',  Whistle,  by  means  of  which  the  engine-man 
announces  at  a  distance  the  arrival  of  the 
engine.  It  consists  of  a  sort  of  inverted 
tumbler,  against  the  edge  of  which,  on  turn- 
ing a  cocU,  the  steam  is  directed.  The 
forcible  rush  ol  tin-  < •; nines  a  sound  nearly 
like  that  ol  ;.  boatswain's  call.  This  whistle 
is  also  represented  fig.  25. 
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AUTICLE  II. 


Or   Till    PRINCIPAL    DIMENSIONS    OP  TIIR     I M.IVKH. 

Sect.  I.   Of  the  dimensions  of  the  parts  from  which 
the  power  of  the  engine  is  derived. 

The  foregoing  description  applies  to  the  most 
modern  locomotive  engines,  such  as  those  we  used 
for  our  experiments.  Hut  to  give  a  more  complete 
idea  of  them,  we  must  say  something  of  their  prin- 
cipal dimension*. 

Locomotive  engines  may  he  constructed  of  all 
sizes  and  proportions,  according  to  the  road  on 
which  they  are  to  move  and  the  work  to  which  they 
are  destined.  But  to  show  the  dimensions  thai 
have  hitherto  been  most  generally  employed,  we 
will  give  those  of  tlu-  locomotives  of  the  Liverpool 

and  Manchester  Railway,  remarking  at  the  same 
time,  that  the  engines  most  frequently  constructed 
now  are  those  of  the  largest  dimensions,  and  that 
the  engines  having  cylinders  of  8  or  10  inches 
diameter  are  only  remains  of  the  old  engines  of  the 
Company.  The  Liverpool  and  Manchester  Rail- 
way is  4  feet  8J  inches  wide  from  rail  to  rail, 
and  the  velocity  does  not  exceed  30  miles  an  hour. 
For  railways  of  greater  width,  and  whereon  a  greater 
velocity  is  intended,  engines  of  larger  dimensions 
been  constructed.  The  following  Table  then 
is  not  to  be  regarded  as  limiting  the  dimensions  of 
locomotives,  but  as  intended  merely  to  complete  the 
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oinir  description,   l»y  making  known  the  most 
usual    proportiOfW,    and    particularly    those    of   the 
nes  used  in  the  experiments  contained  in  this 
work. 


KmtnMtont  of  the  LotCMOttM  Enrjinr»  on  I  fir  tkttrjtttol  and 
Manchetter  Railway  (18ft 
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Most    of  these    engines    have   now    six    whi 

two  of  which.    ti\e   feet  in  diameter,  an-   worked 

by    the    steam,    and    four,  three  feet    in  diameter, 

are  destined   merely  to  sustain  the  weight  of  the 

ine.    Sometimes  the  six  wheels  are  of  equal  size, 

and  are  all  set  in  aetion  by  the  steam,  by  means 

of  connecting-rods   winch  communicate  the  motion 

of  the  driving-wheel*  to  the  four  others.     The  BtU 

of  this  Li -t  dis|>osition  is  to  make  the  engine 

Bjdhere  I"  the  mils  l>  heels  instead  of  two;  hut 

erjf  mgeaiOCM  apparatus,  invented  hy  Mr.  John 
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Melling,  foreman  of  the  Company's  factor)'  at  Liver- 
pool, and  of  which  we  shall  speak  hereafter  in 
Chapter  XIV.,  allows  the  same  advantage  to  be 
obtained  with  wheels  of  unequal  diameter ;  which 
les  are  more  favourable  to  the  convenient  ar- 
rangement of  the  divers  parts  of  the  engine. 

The  end  proposed  in  adopting  six  wheels  rather 
than  four  is  to  lessen  the  wear  and  tear  of  the  rails 
by  dividing  the  weight  of  the  engine  among  six 
supports  instead  of  four.  A  second  motive  also  is 
in  view  ;  namely,  to  prevent  all  jiossibility  of  acci- 
dent in  the  event  of  the  crank-axle  happening  to 
break.  In  this  rase  a  four-wheel  engine  would  run 
the  risk  of  going  off  the  rails,  but  if  supported  on 
<ix  wheels  the  remaining  four  will  necessarily  keep 
it  on  the  line. 


r.    II.     Dimensions  of  the  Jire-box  and  boiler  of 
of  the   best   engines   of  the    Liverpool  and 
Manchester  Railway. 

It  is  from  the  dimensions  we  have  just  noticed, 
and  more  esjwcially  from  those  of  the  cylinder  and 
stroke  of  the  piston,  that  the  power  of  locomotive 
engines  is  generally  expressed.  It  will  ap]>car,  how- 
ever, in  the  course  of  this  work,  that  for  such 
expression  of  the  power  to  he  complete,  and  rcally 
sufficient  to  give  the  effect  of  the  engine  under 
all  circumstances,  the  evaj>orating  power  of  the 
engine,  or,  which  amounts  to  the  same,  the  heating 
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snrikce  of  the  boiler,  ought  to  I*  considered  also. 
Without  this  priodpa]  element,  an  axpnanon  of 
the  power  of  e  Btetm  engine  i*  mate  illusion. 

In  the  fire-box  and  boiler  resides,  in  fait,  tin-  real 
source  of  the  effects  oi  the  engine:  tbe  cylinder 
inn!  other  parts  sue  the  means  of  transmitting  and 
modifying  the  power  -,  but  what  could  be  their  use, 
if  that  power  itself  did  not  exist? 

To  complete,  therefore,  the  proportions  already 
given  lb)  shall  add  here  a  Table  of  the  di- 

ions  of  the  foe-bo*  and  boiler  in  the  different 
engines  to  which  we  shall  have  occasion  to  refer. 
In  another  jKirt  of  the  work,  our  experiments  will 
enable  us  to  replace  this  complex  datum  by  the 
Himple  expression  of  the  evaporating  power  of  those 
engines.  The  two  most  important  eolumns  of  this 
Table  are  those  which  show  the  extent  of  surface 
c.\|>oscd  to  the  action  of  tbe  caloric,  whether  radi- 
iting  Of  i  oiumunicative. 

We  intro<luee  the  engines  in  tbe  order  of  tbe  dates 

of  their  construction.     The  two  engines  Goliath  and 

I'irr.Jty  hour  the  number  1,  because  it  will  be  seen 

•n,  in  Chapter  X.,  that  in  rebuilding  tbooi 

04  s,  Uiilers  were  adapted  to  them  different  from 

•  which  they  had  originally,  that  is  to  say,  dif- 

those  which  appear  in  this  Table  \  and 

therefore  we  shall  have  to  distinguish   these    new 

boilers  bv  the  number  1 1 . 
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It  will  lie  seen  hereafter,  that,  with  a  boiler  of 
those  dimensions  and  of  such  a  form,  the  engines 
are  able  to  evaporate  about  a  cubic  foot  of  water 
per  minute,  or  a  pound  of  water  per  second,  at  the 
tive  pressure  in  the  boiler  of  50  lbs.  on  the 
square  inch. 

Sect.  III.    Of  the  old  Locomotive  Engines. 

The  description  given  above  is  applicable  to 
engines  intended  for  great  speed,  and  particularly 
for  the  conveyance  of  jwissengers.  That  form  is 
exclusively  adopted  in  all  modern  railways. 

On  some  lines,  however,  engines  of  another  con- 
struction are  to  be  found.  The  railway  from  Stock- 
ton to  Darlington  being  used  for  a  different  service, 
that  is  to  say,  for  the  conveyance  of  coals  and  for  a 
more  moderate  velocity,  it  may  be  proper  to  give 
here  an  idea  of  the  engines  used  on  that  line. 

Those  engines  are  of  different  models,  from  the 
oldest  to  the  most  recent  ones. 

In  some  the  fire  passes  through  the  boiler 
in  a  single  tube,  which  serves  as  a  fire-place, 
and  communicates  directly  with  the  chimney.  In 
some  others  the  tube  bends  round  in  the  boiler 
before  it  reaches  the  other  end,  and  comes  back 
to  the  chimney,  which,  in  that  case,  is  placed 
next  to  the  door  of  the  fire-place.  In  others,  the 
tube  or  flue,  when  it  reaches  the  end  of  the  boiler, 
divides  and  returns  towards  the  chimney,  as  two 
smaller  tubes.     In  some,  the  fire  being  still  placed 
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in  au  internal  flue,  the  flame  returns  to  the  chimney 
by  means  of  about  100  small  brass  tubes,  on  a 
principle  similar  to  that  of  the  Liverpool  engines. 
Lastly,  three  of  them  are  constructed  on  the  same 
model  as  those  of  Liverpool. 

The  Company  carries  both  passengers  and  goods. 
The  first  travel  with  a  speed  of  twelve  milo.  ami 
the  second  of  eight  miles,  an  hour.  Of  the  different 
forms  of  boilers,  those  only  with  a  set  of  small  tubes 
suit  for  carrying  passengers ;  the  others  cannot 
•jynerate  a  sufficient  quantity  of  steam  for  t lie  ve- 
locity wanted.  But  when  a  speed  of  eight  miles  per 
hour  only  is  required,  the  most  convenient  boilers 
have  been  found  to  be  those  with  one  returning 
tube.  They  generate  a  sufficient  quantity  of  steam 
lor  the  work  required  of  them,  and  have  the  ad- 
vantage of  being  cheap  in  regard  to  prime  cost  and 
repairs,  as  their  form  is  simple,  and  they  arc  entirely 
made  of  iron,  whilst  the  tube  boilers  require  the  use 
of  copper. 

Besides  the  difference  in  the  form  of  the  boilers, 
the  other  parts  of  the  engine  differ  also.  The 
cylinders  are  placed  on  the  outside,  and  in  a  ver- 
tical position.  The  motion  is  not  communicated 
from  the  piston  to  the  engine  by  a  crank  in  the  axle, 
but  by  a  rod  working  outside  of  the  wheel,  and 
resting  upon  a  pin  fixed  in  one  of  the  spokes.  Those 
engines  have  in  general  six  equal  wheels,  of  four  feet 
diameter.  Two  of  the  wheels  are  worked  by  the 
steam,  as  has  been  just  explained ;  and   the   four 
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other*  are  attached  to  the  former    by   rentier' 

which  cauM  than  to  act  all  together. 

The  weight  of  these  engines  varies.     Setting  aside 
those    which  we   have  mentioned  as  being  on  the 
model  of  the  Liverpool  ones,  and  which  arc 
light,  the  average  weight  of  the  others  is  from  ten 
to  twelve  ton- 

All  these  engines  are  supported  on  springs.  In 
some  of  the  older  ones,  the  water  of  the  boiler, 
pressing  upon  small  moveable  pistons,  and  pressed 
itself  by  the  steam  contained  in  the  boiler,  was 
intended  to  supersede  the  springs ;  but  though 
that  system  displayed  a  great  deal  of  ingern 
the  spring  it  formed  was  found  in  practice  to  be 
too  variable,  and  the  system  was  given  up. 

The  usual  pro|>ortion8  adopted  for  the  engines  on 
that  railway  are  the  following: 


. 

m  inch**. 

. 

.      16  — 

WhocU 

. 

4  feet. 

Weight 

. 

II  ton*. 

Bib  iiv 

|>rc»*urr    . 

48  B>».  per  kjuuc  inch 

The  pressure,  however,  varies  according  to   the 

ascertained  solidity  of  the  boiler      When  the  sheets 

of  which   it   is  formed   begin  to  grow  very  thin,  the 

pressure  is  sometimes  reduced  to  3»1  ft>s.  only  per 

>rc  inch  ;   in  other  circumstances,   it    is,   on  the 

contrvj   increased  to  60  fc 


I  HAPTER  II. 

I'HE   LAWS   WHICH    HEGILATE  THE    MKCIIAM- 
CAL   ACTION   OF  THE  STEAM.1 

Sect.   I.    Relation  between  the  temperature  and  the 
pressure  of  the  steam  in  contact  with  the  liquid. 

Before  entering  upon  considerations  which  have 
for  their  basis  the  effects  of  the  steam,  it  may  be 
necessary  to  lay  down,  in  a  few  words,  boom  of  the 
laws  according  to  which  the  mechanical  action  of 

the  steam  is  determined  or  modified. 

In  the  calculation  of  steam  engines  it  is  requisite 
to  consider  four  things  in  the  steam. 

Its  pressure,  which  is  also  called  tension  or 
elastic  force,  and  which  is  the  pressure  it  exerts 
on  everjr  unit  of  the  surface  of  the  vessel  that  con- 
tains it. 

Its  temperature,  which  is  the  number  of  degrees 
marked  by  a  thermometer  immerged  in  it. 

density,  which   is  the  weight   of  a  unit  of  its 
volume. 


1  Thi»  chapter  has  already  appeared  in  the  work  eutitled 
"TVory  of  the  Steam  Engine,"  but  wc  deem  il  DOWN  mnit  to 
give  the   greater  )>art  of  it  here  also,  that  the  reader  may  not  !>e 

•  ik. 
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And  its  relative  volume,  which  is  (lie  volume  of 
a  given  might  of  steam  compared  to  the  volume  of 
the  MOM  Weight  of  water,  or,  in  other  words,  to 
the  volume  of  the  water  that  has  served  to  product 
it.  We  deem  it  necessary  to  add  here  the  word 
relative,  in  order  to  avoid  the  confusion  which  would 
OtherwiM  arise  continually  between  the  absolute 
volume  rilled  by  the  steam,  which  may  dej»end  on 
the  capacity  of  the  vessel  that  contains  it,  and  the 
relative  volume  which  is  tin'  inverse  of  the  den-its. 
Thus,  for  instance,  steam  generated  under  the 
pressure  of  the  atmosphere  may  fill  a  vessel  of  any 
hut  its  relative  volume  will  always  lie  1700 
times  that  of  water. 

When  the  volumes  occupied  by  the  MOM  weight 
of  two  different  steams  are  compared  together,  it 
is  evidently  a  comparison  of  what  we  call  the  rela- 
tive volumes  of  those  two  steams.  For,  the  two 
steams  compared  having  the  same  weight,  corre- 
spond to  the  same  volume  of  water  evaporated. 
Therefore  it  follows  that  the  ratio  of  the  relative 
lues  of  the  two  steams  is  the  same  as  the  ratio 
of  their  absolute  volumes. 

To  make  this  more  clear,  if  S  express  a  given 
volume  of  water,  M  the  absolute  volume  of  the  steam 
resulting  from  it  under  a  certain  pressure  ;>,  and  M' 
.  hsolute  volume  of  the  steam  which  resull-  from 
it  under  another  pri  .  the  relative  volume  of 

i In     steam    under    the    pressure  /*,   which    relative 
volui  ill  express  by  p,  will  be 
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M  = 


M 


and  tlie  relative  volume  of  the  Item  under  the 
pressure  p,  which  relative  volume  we  will  express 
by  fi,  will  be 

Consequently  will  be  deduced 

^     M' ' 

that  is  to  say.  the  ratio  between  the  absolute 
volumes  occupied  by  like  weights  of  two  different 
steams,  is,  as  we  have  said,  nothing  more  than  the 
ratio  between  the  relative  volumes  of  those  steams. 

These  definitions  premised,  the  steam  may  be 
considered  at  the  moment  of  its  generation  in  the 
boiler,  when  still  in  contact  with  the  liquid  from 
which  it  emanates,  or  else  as  being  separated  from 
that  liquid. 

When  the  steam,  after  having  been  formed  in 
a  boiler,  remain-;  in  contact  with  the  generating 
water,  it  is  observed  that  the  same  temperature 
Corresponds  invariably  to  the  same  pressure,  and 
vice  versd.  It  is  impassible  then  to  increase  its 
temperature,  without  its  pressure  and  density  in- 
creasing spontaneously  at  the  same  time ;  and  it  is 
impossible  also  to  increase  its  density  or  its  pressure, 
except  by  increasing  at  the  same  time  its  tempera- 
ture.     In  this  state  the  steam  is  therefore  at  its 


ofdm- 

of  temperature. 

mentioned,  between 

will  then  no  longer 

,    the  one  may  at 

or  diminished,  without  any 

^•concomitant  variation  tukinir  place  in 

in  the  case  of  the  maximum 


n,  then  to  datfngDJan  lint ii»ii  these 

two  rial—  of  the  Km. 

One  ot  Ihi  fpOrtnU  laws  cm  the  properties. 

of  steam   El    thai    which    scnes    to   determine   the 
elastic  force  of  the  steam  in  contact  with  tin-  liquid, 
d  tin-  temperature  under  which  it  is  generated 
j*  kfl  ""•  reciprocally,  to  determine  that  tem- 

perature when  tin-  elastic  lorce  is  known      Not  only 
tnquirj  of  ■  direct  utility,  bed  we  shall  sec 
in  the  sequel  that  it  serve*  equall\  to  determine  the 

i  otume  of  the  steam  formed 
under  a  pftMOTw,  ■  point  of  knowledge  in- 

ili-|>cnsable  in  t!  at  ion  of  steam  engine*. 

od  long  been  taken 
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in  hand,  and  they  were  very  numerous  for  steam 
formed  under  pressures  less  than  that  of  the  atmo- 
sphere;  hut  br  high  temperatures,  the  experiments 
extended  but  to  pressures  of  four  or  five  atmo- 
spheres. Some  few  only  went  as  for  as  eight,  and 
that  without  completing  the  scale  in  the  interval. 
The  extreme  difficulty  of  researches  of  this  kind,  if 
it  be  desired  to  attain  results  really  exact,  the  heavy 
■lists  they  occasion,  and  the  danger  attending 
them,  had  prevented  the  experiments  from  being 
carried  farther.  But  to  the  Academy  of  Sciences  ol 
the  Institute  of  France  we  are  indebted  for  a  com- 
plete Table  on  this  subject.  The  Academy  confided 
the  conduct  of  these  delicate  experiments  to  two 
distinguished  scientific  men,  Messrs.  Arago  and 
Dulong,  who  evinced  in  them  every  nicety  that 
a  perfect  knowledge  of  the  laws  of  natural  phi- 
losophy could  suggest,  to  avoid  the  ordinary  causes 
of  error.  Never  were  researches  of  tliis  kind  con- 
ducted on  so  vast  a  scale,  nor  with  more  accuracy. 
The  pressure  of  the  steam  was  measured  by  effective 
columns  of  mercury  contained  in  tuhes  of  crystal 
glass,  which  together  extended  to  the  height  of  87 
feet  English.  The  instruments  were  constructed  by 
the  most  skilful  makers,  and  no  expense  was  spared.''' 


*  Vide  Expose  dc*.  recherche*  faitc*  par  ordrc  dc  J'Academie  de* 
Sciences,  pour  determiner  le*  forces  cJustiquc*  dc  In  vnprur  d'eau 
a  dc  haute*  temperatures.  Mtmoires  de  rAcudfimie  dei  Science*. 
tome  x. :   Annulet  de  Chimie  el  de  Physique,  hmie  xliii.  1830. 
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Therefore  the  greatest  degree  of  confidence  is  to  !*■ 
attached  to  their  results. 

Theee  beautiful   experiments  furnish  a  complete 
s  of  observations,  from  the  pressure  of  I  almo- 
in to  that  of  24.     To  form,  however,  a  Table 
(Mending  beyond  this    limit,   Messrs.   Dulong  and 
Arago   have  sought  to  deduce  from  their  observa- 
tion "  formula  which  might  represent  temperatures 
for  still    higher   pressures    without    any    noticeable 
error.     They  have  in   fact  attained   that   end,   by 
means  of  a  formula  which  we  shall  presently  report, 
and  whose  accord  with  experience  is  such,  for  all 
ili;il  part  of  the  scale  above  four  atmospheres,  as  to 
room   to  think  that,  on  being  applied  to  pres- 
sures up  to  50  atmospheres,  the  error  in  tampem- 
ture  would  not  in  any  DBM  exceed  1  degree  of  the 
c . .  utigrade  thermometer,  or  1*8  degree  of  Fahrenheit. 
They  were  enabled  then,  as  well  from  the  result  of 
their  observations  as  by  means  of  an  amply  justified 
formula,  to  compose  a  Table    of   temperatures  of 
ii   up  to  50  atmospheres  of  pressure,  with  the 
i;iinty  of  committing  no  error  worthy  of  note. 

b  the  formula  ot  Messrs  Arago  and  Dulong 
may  lie  applied  to  pressures  comprised  between  1 
and  4  atmospheres,  with  an  approximation  that 
would  sutlice  for  most  of  the  exigencies  in  the  arts, 

they  did  not  indicate  the  use  of  it  for  that  interval, 
because  in  that  ]>art  of  the  scale  other  formula? 
already  known  accord  more  exactly  with  the  results 
oi  observation,  and  ought,  in  consequence,  to  he 
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i.  Among  those  formulae,  that  originally 
proposed  by  Trcdgold,  and  afterwards  modified  by 
bifl  translator,  M.  Mellet,  gave  tin-  most  exact 
results  ;  and  no  inconvenience  arises  1'roni  the  use 
of  it,  when  it  is  required  merely  to  compose  a  Table 
ii\  intervals  of  half-atmospheres.  Hut  as,  for  the 
more  commodious  use  of  the  formula-  which  we  have 
to  propose  in  this  work,  we  shall  want  to  establish  a 
Table  by  intervals  of  pounds  per  square  inch ;  we 
deem  it  better  to  employ  a  formula  which  we  shall 
give  with  the  others  presently,  and  which,  approach- 
ing as  near  as  that  of  Tredgold  to  the  results  of  direct 
observation,  in  the  points  furnished  by  experiment, 
moreover  the  advantage  of  coinciding  exactly 
at  4  or  4^  atmospheres  with  the  formula  of  Messrs. 
Dulong  and  Arago,  which  is  to  form  the  continu- 
ation of  it.s 


*  In  (act,  comparing,  in  French  measure,  the  two  formula-  with 
'iscrration,  we  find  the  following  results,  as  it  will  he  easy  to 
verify  hereafter. 


Elastic  force 
of  the  Meant 

in  Mam- 
•phena. 

Ob>. 
temperature, 
by  the  centi- 
grade titer- 

miniirriT. 

Temperature 
given  by  Treri- 

ula, 

modified  In 

\1rllrt.    ' 

Temperature 
given  by 

the  pro|M>«ecl 
0  irtntitjk. 

Trm  pr  raturc 

giTcn  by  the 

formula  of 

\t»ga 

ami  Duluiig. 

1 

100 

99-9G 

100 

.. 

214 

123  7 

12354 

123-34 

»» 

2-8706 

133-3 

133-54 

133-17 

M 

4 

,. 

14543 

144-88 

•  » 

;35 

149-7 

150-39 

149-79 

143-77 

It  appears  thnt  the  forniuln  which  wc  propose  differs  from  the 
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These   formula-,    as  well  as  other  similar  on 
have  the  ineuUVUIMDM  of  suiting  only  a  limited  j>art 
of  the  scale  of  temjieratures. 

Among  ••'<•  formula'  proposed  by  different  authors 
on  the  same  subject,  that  of  Southern  is  very  suit- 
able to  steam  formed  under  pressures  inferior  to  that 
of  one  atmosphere ;  it  deviates  then  from  the  truth 
only  In  very  low  pressures,  as  appears  from  the 
experiments  of  that  engineer.  But  for  pressures 
superior  to  1  Itmosphsre  it  ceases  to  have  the  same 
accuracy:  mWB"  '  to  4  utmosphcres  it  gives,  in  fact, 
more  error  than  that  of  Tredgold  modified,  and 
Above  4  atmospheres  the  emu  an  -•  rapidly  to  I  and 
1 -5  degree  of  the  centigrade  thermometer,  or  1  "8  and 
2*6  degrees  of  Fahrenheit  ;  so  that  the  formula  of 
Messrs.  Arago  and  Dulonc.  which  is,  besides,  of 
more  easy  calculation,  becomes  then  far  preferable 
to  it. 

That  of  Tredgold  modified,  as  well  as  that  which 
we  propose  to  substitute  for  it,  represent  very 
closely  the  observations  for  the  interval  between 
I  and  4  atmospheres ;  but  below  that  point  they 
arc  incorrect,  and  above  it  they  are  inferior  in 
i  of  accuracy  to  that  of  Messrs.  Dulong  and 
Arago. 

Th<  latter  accords  remarkably  well  with  the  facts, 


obarrved  temperatures  nearly  u  much  aa  that  of  Tredgold  modi- 
fad :  but  aa  the  difference  from  the  observation  in  un  the  minn 
•i«le  inataad  of  the  plus,  there  reaultt  a  coincidence  at  4)  atmo- 
■phere*  with  that  of  Mcatra.  Arago  and  Dulong. 
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from  4  atmospheres  to  24.  In  this  interval  its 
greatest  difference  with  observation  is  "4  degree 
of  the  centigrade  thermometer  or  '7  of  Fahrenheit, 
and  nearly  all  the  other  differences  are  only  •  1  de- 
gree centigrade  or  "18  Fahrenheit ;  but,  as  we  have 
already  said,  it  begins  to  deviate  from  the  obser- 
vation below  4  atmospheres. 

No  one,  then,  of  these  formula1  suits  the  whole 
series  of  the  scale  of  temperatures,  and  to  hold 
exclusively  to  any  one  of  them  would  be  knowingly 
to  introduce  errors  into  the  Tables.  As,  moreover, 
the  true  theoretic  law  which  connects  the  pressures 
with  the  temperatures  is  unknown,  and  as  these 
formulae  are  mere  formulae  of  interpolation,  esta- 
blished solely  from  their  coincidence  with  the  facts, 
the  only  right  mode  of  making  use  of  them  is  to 
apply  each  respectively  to  that  portion  of  the  series 
which  it  suits.  Then,  from  the  comparison  of  their 
results  with  experience,  one  may  rest  assured  that 
the  error  on  the  temperature  will  in  no  point  exceed 
seven-tenths  of  a  degree  of  Fahrenheit,  or  four- 
tenths  of  a  degree  of  the  centigrade  thermometer. 
This  is,  therefore,  the  means  we  shall  adopt  in  the 
formation  of  the  Tables  we  are  about  to  present. 

The  formulae,  which  will  serve  to  compose  these 
Tables,  are  then  the  following,  which  we  present 
here,  not  in  their  original  terms,  but  transformed, 
for  greater  convenience,  into  the  measures  usual 
in  practice  ;  that  is,  expressing  the  pressure  p  in 
pounds  per  square  inch  or  in  kilograms  per  square 

K 
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centimetre,  and  the  temperatare  /,  in  degrees  of 
Kiiinrniicit's,  or  of  the   centigrade    thermometori 

reckoned  in  the  ordinary  manner. 

Southern's    formula,    suitable   to    pressures    less 

than  that  of  the    atmosphere    (English    measures): 


<=  1557256   \/p  -  04948-51  '8. 
Tredgold's  fonnula  modified  by  M.  Mellet,  suit- 
able i"  pressures  from  1  to  4  atmospheres  (English 
measures): 

p     Vjoi  is/  • 


/=20MK 


\/p- 


Propooed  fonnula,  suitable  like  the  preceding,  tn 
i  iniiii  I  to  4  atmospheres  (English 
suree): 


_/!)N'NIHi  +  / 


-( 


)'. 


I<)s;-,i;2 
tml98'568  v/p— 98*806 

Foi  klr.Hsrs,   Dulong  and  Arago,  suitable 

to   piesi  >m     J    to    50    atmosphere*     :Kn»lish 

/>=,  •Jii7,.':J  +  '(»OG7r>85/)s, 

t«x  147-961  ^y/p— 39*644. 

formula,    miitable   to   pressures    less 
ili.it  ol  the  atmosphere  .French  measures): 
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t=  145360 l/\/p-  0034542 -46278. 

Tredgold's  formula  modified  by  M.  Mellet,  suit- 
able to  pressures  of  1  to  4  atmospheres  (French 
measures) : 

f=174^/p-75. 

Proposed  formula,  suitable  like  the  preceding,  to 
pressures  from  1  to  4  atmospheres  (French  mea- 
sures) : 

/  72-67-M  Y 
'K-T7T72-J' 

t=  17172  ^/p-72-67. 

Formula  of  Messrs.  Dulong  and  Arago,  suitable 
to  pressures  from  4  to  50  atmospheres  (French 
measures) : 

p=  (286584- 0072003 1)*, 

t=  138883  ^/p-39802. 

Besides  the  formulae  which  we  have  just  re- 
lated, there  exists  another  proposed  by  M.  Biot, 
which,  compared  by  that  illustrious  natural  phi- 
losopher to  the  above-mentioned  experiments  on 
high  pressures,  to  those  of  Taylor  on  pressures 
approaching  nearer  to  100  degrees  centigrade,  and 
to  a  numerous  series  of  manuscript  observations 


52 


•  in     II. 


made  by  M.  C;  but  IK,  from  MM)  to  —  '20  de- 
grees centigrade,  reproduces  the  results  observed. 
With  vcr\  slight  accidental  deviations,  such  as  the 
experiments  themselves  are  liable  to.  This  formula, 
which  has  consequently  the  advantage  over  tin- 
preceding,  of  being  applicable  to  all  points  of  the 
scale,  is  the  following: — 

log.  p=a—a,b,M"-a,b/"'. 
Log.  p  is  the  tabulary    logarithm    of  the  pressure 
expressed  in  millimetres  of  mercury    at   0°   centi- 
grade ;  I  is  the  centesimal  temperature  counted  on 

the  sir  thermometer,  and  the  Quantities  a,  a%,  «„ '',, 

bt,  are  constant  quantities  which  have  the  following 

values : 

a  =  5-961318302! 
log.  o,=  1*82840686198, 

&,=-  •0130978421 
log.  o,=     74110951887, 
log.  6,=— 00212610588, 
This  fonnula  cannot   fail  to  be  extreme!  >. 
in  many  delicate  researches  on  the  effects  of  steam  ; 
to  establish,  by  its  means,  a  Table  of  the  form 
ire,  the  pressure  ought  first  t<>  be  deduced 
each  degree  of  the  air   thermometer ; 
these  degrees  ought  to  be  afterwards  changed 
rees  of  the  mercury  thermometer;  and  as 
id  not  give  the  temperatures  corresponding 
to  given  pressures,  b  lar  intervals,  a  subsequent 

mte:  •  would  be  still  necessary  to  make   the 

Table  in  the  propel  disposition.     These  long  opera- 
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tions  induced  us  to  give  the  preference  to  thepre- 

viously  cited  formula?,  for  the  construction  of  the 
Tables  which  we  shall  shortly  present 


Sect.  II.  Relation  between  the  relative  volumes 
and  the  pressures,  at  equal  temperature,  or  be- 
tween the  relative  volumes  and  the  temperatures, 
at  equal  pressure,  in  the  steam  separated  from 
the  liquid. 

We  have  said  llnit   when  the  steam  is  in  coni 
with  the  generating  liquid,  its   pressure   is   neees 
sarily  connected  with  its  temperature ;  and  as  the 

density  of  an  elastic  fluid  depends  only  on  its 
tet&perature  and  its  pressure,  it  follows  that  the 
density  is  then  always  constant  for  a  given  tem- 
perature or  pressure.  Hut  when  the  steam  is 
separated  from  the  liquid,  that  connexion  between 
the  temperature  and  the  pressure  no  longer  aiistB. 
The  temperature  of  the.  steam  may  then  be  varied 
without  changing  its  pressure,  or  reciprocally  ;  and 
according  as  the  one  or  the  other  of  these  two 
elements  is  made  to  vary,  the  density  of  the  steam 
undergoes  changes  which  have  been  an  object  of 
investigation  among  natural  philosophers. 

One  very   remarkable  law  in  the  effects  of  gas 

and  steam  is  that  which  was  discovered  by  Mariotte 

or  Boyle,  and    has    since    been    confirmed,    as    far 

as   to    pressures   of  27   atmospheres,   by    Messrs. 

;o  and   Dolong.      It   consists  in  this,  that  if  the 
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volume   <il    ;i   giVMl    might   ol    OH   Of  ol   steam   Ik- 

made  to  vary  without   oha  its  temperature, 

the  elastic  force  of  the  pas  will  van-  in  the  in-. 
ratio  of  the  volume  it  is  made  to  occupy  ;  in  other 
tfOrds,  in  direct  ratio  of  its  density.  That  is  to  say, 
if  v  and  r'  express  the  volumes  occupied  by  the 
same  weight  of  steam,  and  }>  and  //  the  pressures 
which  maintain  the  strain  compressed  under  those 
respective  volumes,  tlie  temperature,  moreover, 
|  the  same  in  both  cases,  the  following  analogy 
will  exist 


And  therefore,  fi  and  p  being  tlie  nlatiae  vole 

nt  tlie  steam  at  the  pressures  p  and  p,  we  shall  have 


ding  to  this  law,  if  a  given  weight  of.  an 
clastic  fluid  be  compressed  to  hall  its  primitive 
volume,    without    changing    its    temperature,    the 

elastic  lone  ol  that  fluid  will  Income  double.  Hut 
it  is  plam  that  tins  efl'cct  cannot  take  place  in  the 
sham  in  contact  with  the  liquid,  In-cause  it  supposes 
that  during  the  change  of  pressure  the  temperature 
constant,  whereas  we  have  seen  that  in 
such  state,  the  pressure  always  accompanies  the 
tempi T.iiuu  ,  and  net  ■  ■  rad, 

toother   propertj    equally    important   in    the    ap- 
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preciation  of  the  effects  of  steam  has  been  discovered 
by  a  celebrated  chemist  of  our  times,  M.  (Jay- 
Lussac.  It  consists  in  tin's,  that  if  the  temperature 
of  a  given  weight  of  an  elastic  fluid  be  made  to  vary, 
its  tension  taring  maintained  at  the  same  degree, 
it  will  receive  augmentations  of  volume  exactly 
proportional  to  the  augmentations  of  temperature  ; 
and,  according  to  the  latest  experiments,  for  each 
degree  of  the  centigrade  thermometer,  the  increase 
OJ  volume  will  lie  ,0()3(>4  of  the  volume  which  the 
same  weight  of  fluid  occupies  at  the  temperature 
zero.  If  Um  temperatures  are  taken  from  Faluen- 
-  thermometer,  each  augmentation  of  1  degree 
in  the  temperature  will  produce  an  increase  of 
•00202  of  the  volume  occupied  by  the  fluid  at  the 
temjierature  of  32°. 

If  then  we  call  V  the  volume  of  the  given  weight 
of  the  elastic  fluid,  under  any  pressure,  and  at  the 
temj>erature  of  32  degrees  of  Fahrenheit,  the  volume 
it  will  occupy  under  the  same  pressure,  and  at  the 
temperature  t  of  Fahrenheit,  will  Ik 

i?=V  +  Vx  00202  [t— 82). 

It  follows  that,  between  the  volumes  v  and  v 
occupied  by  the  same  weight  of  steam,  at  the  tame 
pressure  and  under  the  respective  temperatures 
I  and  /',  there  will  be  the  following  analogy : 

v  _  1+  00202  (t— 82) 
j-'- I +00202  (f— 82)" 
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And  since  we  have  seen  thai  the  ratio  between  the 

volumes  occupied  by  the  BBUM  weight  of  two  tlil- 
ferent  steams  ifl  no  other  than  the  ratio  beta 
the  relative  volumes  of  those  two  steams,  the  two 
i-ding  analogies  will  also  be  true,  when  we 
replace  the  ratio  of  the  two  absolute  volumes  r  :iml 
>',  by  the  ratio  of  the  relative  volumes  p  and  ft  ot 
the  steam. 

This  law,  supposing  that  the  temperature  of  the 

steam    changes,    without    the    pressure    nm 

any   change,   obviously   Cannot   imply   to  the   effects 

produced  io  iteana  in  contact  with  the  liquid,  since 

in  such  steam  the  pressure  changes  necessarily  and 

spontaneously  with  the  temperature. 


Si  i  i      III.      Relation    between    the   relatire  in/. 
the  jireimire*.  anil   the  tempi  nilurrs,  in  the  .ileum 
in  contact  or  not  in  contact  with  the  liquid. 

A«  it  has  JUM  been  observed,  neither  Boj 
laa  nor  that  of  (iay-Lussac  can  apply  alone  to 
■  halites  which  take  place  in  the  steam  rcmaininu 
m  contact  with  the  licpml.  Hut  it  is  clear  thai 
from  the  two  a  third  relation  may  be  deduced, 
ruby  to  determine  the  variations  of  volume 
which    take    place    in    the   steam,    by    virtue    of  B 

simultaneous  change  in  the  temperature  end    in 

the    pressure;    and    tlii<    relation    may    then    com- 
ease  of  the  Steam  in  contact  with  the 
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liquid,  since  it  will  suffice  to  introduce  into  the 
formulae  the  pressures  and  temperatures  which, 
in  this  state  of  the  steam,  correspond  to  each 
other. 

Suppose  then  it  be  required  to  know  the  volume 
occupied  by  a  given  weight  of  steam,  which  passes 
from  the  pressure  p'  and  temperature  t\  to  the 
pressure  p  and  temperature  t.  It  may  be  supposed 
that  the  steam  passes  first  from  the  pressure  p  to 
the  pressure  p  without  changing  its  temperature, 
which,  from  Boyle's  law,  will  give  between  the 
relative  volumes  of  the  steam  the  analogy 

/*  =/i  (-; 
P 

then  supposing  this  steam  to  pass  from  the  tem- 
perature t'  to  the  temperature  t,  without  changing 
its  pressure,  the  relative  volume  of  the  steam,  ac- 
cording to  the  law  of  Gay-Lussac,  will  become 

_  „  1+00202  {t— 32)  _ 
*    M  1+00202  (f— 32) 

-  'P.  1+100202  (#-32) 
*  p'  1+00202  (*'-32)' 

This  formula  will  then  express  the  law  according 
to  which  the  relative  volume  of  the  steam  changes, 
by  virtue  of  a  given  combination  of  pressure  and 
temperature.  Consequently,  substituting  in  this 
equation  for  p  and  t,  p  and  t' ,  the  pressures  and 
temperatures  only  which  correspond  to  each  other 


i 
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in  the  steam  in  contact  with  the  liquid,  we  shall 
have  the  analogous  change*  which  take  place  in 
the  relative  volume  of  the  steam,  when  it  is  not 
separated  from  the  water  which  generated  it. 

On  the  Other  hand,  it  is  known  by  experience, 
that  under  the  atmospheric  pressure,  or  1470G  ll>-. 

NJQara  inch,  and  nt  the  temperature  of  212"  of 
Fahrenheit"?  thermometer,  the  relative  volume  of 
i In-  steam  in  contact  with  the  liquid  is  1700  times 
that  of  the  water  which  has  produced  it.  Hence 
il    is   easy    to   conclude  the   relative   volume   of  the 

u  at  any  given  pressure  /;  und  ut  the  corre- 
sponding temperature  t.  It  suffices,  in  fact,  to 
insert    the   al>ove  values  for  p,   t',  ami  tf,  in  tin 

ral  equation  obtained  above,  and  the  result 
will  be 

M-     /wx      ^      x  1+00202x180 

^183o9  1+00202  (t-32) 
P 

llins  we  may,  by  means  of  this  formula,  cal- 
culate the  relative  volume  of  the  steam  gene- 
rated under  a  uiven  pressure,  as  soon  as  we  know 
the  temperature  answering  to  that  pressure  in 
steam  at  the  maximum  of  density  for  its  tem- 
perature. 

It  is  vsli.it  v.e  have  done  in  the  construction  of 
ill.   following  Table.     The  second  column  has  been 
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formed  liy  calculating  the  temperature  of  the  steam 
at  the  maximum  density,  from  the  formula-  which 
we  have  given  in  the  first  section  of  this  chapter. 
Then  using  this  series  of  temperatures  in  the  for- 
mula which  precedes,  we  have  concluded  the  third 
column,  or  the  relative  volumes  of  the  steam  in 
contact  with  the  liquid,  under  all  the  pressures 
comprised  between  1  and  8  atmospheres.  This 
Table  will,  in  consequence,  dispense  with  all  cal- 
culation with  regard  either  to  the  research  of  the 
temperatures,  or  to  that  of  the  relative  volumes 
of  the  steam ;  and  its  extent  will  suffice  for  all 
applications  that  occur  in  the  working  of  steam 
engines. 

When  we  speak  of  steam  generated  under  a  given 
pressure,  we  understand  the  steam  considered  at  the 
moment  of  its  generation,  and  consequently  still 
in  contact  with  the  liquid.  We  have  explained 
elsewhere  that  the  volume  of  the  steam,  compared 
to  that  of  the  water  which  has  produced  it,  is 
precisely  what  we  call  the  relative  volume  of  the 
steam. 
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H$  '■/  the   temperature  and   voiume 
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steam    i/i-ii,- 

rated  under    dtfTercnt  pressures,   compared  to   tin 
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<  uii' . 

Itelallva  to. 

Relative  »o- 

Tbttlim- 

robm 

[Total  ptn- 

.■ling 

lolurae 

lure,  In 

temper*- 

•urc,  in 

temura- 

of  the  >tl-«lll 

Kngli.h 

lurr,  I" 

c'iilli|Hfr<l  lu 

tiirc,  bjr 

i\<lll|wf>v]  lo 

M 

llir   \i,l(lllir  of 

JUMP 

i 

the  volume  uf 

MM 

Il„, 

llir  wultr  ili.it 

lieil'%  llirr- 

the  water  that 

uii-li. 

" fll'l- 

Uu  produced  it 

inch. 

moniotrr. 

liupralucedit. 

1 

1029 

90934 

1        37 

263-7 

727 

2 

I M  I 

10907 

M 

968 

710 

3 

Ulo 

7433 

39 

266-9 

693 

4 

IV.-.! 

9893 

40 

268-4 

677 

5 

1614 

4624 

41 

269-9 

£62 

a 

1901 

42 

2714 

647 

7 

178-0 

3380 

43 

979-9 

634 

8 

998J 

44 

274-3 

1 

1874 

2676 

■(.. 

275-7 

008 

10 

19-.'  -4 

2427 

46 

977-1 

596 

II 

i'j;  u 

9809 

47 

278-4 

584 

12 

•-■'II  -3 

20.10 

48 

279-7 

573 

13 

2053 

1903 

49 

281  0 

562 

14 

1777 

989*8 

552 

15 

213  0 

1669 

51 

■3-6 

542 

18 

2164 

1879 

52 

9844 

532 

17 

2 19-6 

1487 

33 

,ii 

523 

18 

1410 

54 

287-2 

514 

13 

1342 

55 

988  i 

808 

90 

998*8 

1980 

56 

2896 

498 

21 

231-0 

57 

990*7 

490 

22 

Mi 

1172 

38 

!  g 

489 

n 

tot  i 

1198 

•< 

998-0 

474 

M 

238-4 

1069 

90 

994*1 

467 

-'441-7 

1042 

81 

294  9 

2430 

1003 

99 

998*9 

453 

•27 

63 

2970 

447 

28 

247  2 

989 

64 

298  1 

4411 

99 

IB-S 

900 

85 

999-1 

434 

90 

i-2 

882 

88 

300  1 

498 

31 

253- 1 

958 

1,7 

901*8 

422 

tss-o 

981 

302-2 

417 

33 

256-8 

808 

89 

303-2 

411 

34 

353-3 

798 

70 

8049 

408 

34 

260-3 

71 

401 

.'" 

746 

79 

396 

OF  THE  MECHANICAL  ACTION  OF  THE  STEAM.       61 


Corre- 

Relative  vo- 

Corre- 

Relative vo- 

Total  pres- 

ipo titling 

lunteer  volume 

Total  pres- 

sponding 

lume.or  volume 

sure,  in 

tempera- 

of the  steam 

sure,  in 

tempera- 

of the  steam 

English 

ture,  by 

compared  to 

English 

ture,  by 

compared  to 

poundi  per 

Fahren- 

the volume  of 

pounds  per 

Fahren- 

the volume  of 

square 

heit's  ther- 

the water  that 

square 

heit's  ther- 

the water  that 

inch. 

mometer. 

has  produced  it. 

inch. 

mometer. 

has  produced  it. 

73 

307- 1 

391 

92 

3235 

317 

74 

3080 

386 

93 

324-3 

313 

75 

3089 

381 

94 

3250 

310 

76 

309-9 

377 

95 

325-8 

307 

77 

310-8 

372 

96 

326-6 

305 

78 

311-7 

368 

97 

327-3 

302 

79 

312-6 

364 

98 

3281 

299 

80 

313-5 

359 

99 

328-8 

296 

81 

314-3 

355 

100 

3296 

293 

82 

315-2 

351 

105 

333-2 

281 

83 

3161 

348 

120 

343-3 

249 

84 

316-9 

344 

135 

352-4 

224 

85 

3178 

340 

150 

360-8 

203 

86 

318-6 

337 

165 

368-5 

187 

87 

319-4 

333 

180 

375-6 

173 

88 

320-3 

330 

195 

382-3 

161 

89 

3211 

326 

210 

388-6 

150 

90 

321-9 

323 

225 

394-6 

141 

91 

322-7 

320 

240 

400-2 

133 

Sect.  IV.  Direct  relation  between  the  relutive  vo- 
lumes and  the  pressures,  in  the  steam  in  contact 
with  the  liquid. 


It  has  just  been  seen,  from  the  formulae  given 
in  the  preceding  section,  that  the  density  and 
the  relative  volume  of  the  steam,  whether  separated 
from  the  liquid  or  not,  are  deduced  from  the  know- 
ledge of  the  simultaneous  pressure  and  temperature. 
It  is  likewise  known  that  in  the  steam  in  contact 


02 


I   M.M-IKR     II. 


with  thfi  liquid  the  temperature  depends  imme- 
diately OH  Um  pressure.  It  should  therefore  he 
possible  to  find  a  relation  proper  to  determine 
directly  the  relative  volume  of  the  steam  in  eon- 
tact  with  the  licjuid,  or,  in  other  words,  of  the 
steam  at  the  maximum  density  and  pressure  for 
its  bempeMtliro,  by  means  <>t  the  sole  knowledge 
of  the  pressure  under  which  it  is  farm  (l 

The  equation  which  gives  the  relative  volume  of 
the  steam  in  any  state  whatever,  in  terms  of  its 
and  temperature,  has  been  given  aliove. 
W  <  have  also  shown  the  formula-  which  serve  to 
the  temperature  in  terms  of  the  pressure,  in 
steam  in  contact  with  the  liquid.  Eliminating 
then  the  temperature  from  the  equation  of  the 
volumes  and  that  of  the  temperatures,  we  shall 
obtain  definitively  the  relation  sought,  or  the  rela- 
tive volume  of  the  steam  at  the  maximum  dcnsilv, 
in  terms  of  the  pressure  only. 

Mut  here  starts  the  difficulty.  First,  M.  liiot's 
formula  not  being  soluble  with  reference  to  the 
temperature,  does  not  admit  the  necessary  elimina- 
tion.    In  the    next   place,    the   nWimhTngTl    of  the 

three  formula  presented  above,  which  are  made  to 

Deed  each  other,  suit  very  well   in    the  forma- 
tion of  tables  of  correspondence  between  the  pres- 
-  and   the  tcinpcratmcs.   when   that  is  the  end 
proposed.     Likewise,   in  an  inquiry  relative  to  the 
iisiou   of  the  steam   in   an    engine,    when    it    is 
known    precisely    within    what    limits   of  pressure 
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that  expansion  will  take  place,  it  may  immediately 
be  discerned  which  of  the  three  formula'  is  ap- 
plicable to  the  case  to  be  considered,  and  then  I  may- 
be eliminated  between  that  formula  and  the  equation 
of  volumes.  But  if  the  question  regards,  for  in- 
stance, the  case  wherein  the  steam  generated  in 
the  boiler  under  a  pressure  of  8  or  10  atmosphere* 
might,  according  to  the  circumstances  of  the  motion, 
expand  during  its  action  in  the  engine,  either  to  a 
pressure  less  than  1  atmosphere,  or  to  a  pressure 
between  1  and  4  atmospheres,  or,  in  fine,  to  a  pres- 
sure superior  to  4  atmospheres  j  then  we  shall  not 
know  which  of  the  three  formulae  to  use  in  the 
elimination,  and  it  will  l>e  impossible  to  arrive  at 
a  general  equation  representing  the  effect  of  the 
engine  in  all  caw 

Besides,  were  we  even  to  adopt  any  one  of  those 
equations,  the  radicals  they  contain  would  render 
the  calculation  so  complicated  as  to  make  it  unfit 
for  practical  applications. 

The    equations   of  temperature    hitherto    known 

cannot  then  solve  the  question  that  presents  itself, 

that  is  to  say,  satisfy  the  wants  of  the  calculation  of 
steam  engines  in  this  respect  ,  and,  consequently, 
the  only  means  left  is  to  seek,  in  a  direct  manner, 
an  approximate  relation,  proper  to  give  immediately 
the  relative  volume  of  the  steam  at  the  maximum 

isity  in  terms  of  the  pressure  alone. 

With  this  view  M.  Navier  had  proposed  the 
expression 
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in  which  n  is  the  relative  volume,  or  the  ratio  of  the 
volume  of  the  steam  to  that  occupied  by  the  same 
weight  of  water,  ami  p  the  pressure  expressed  in 
kilograms  per  square  metre. 

It  would  lie  easy  to  transform  this  formula  into 
English  measures;  hut  SB  it  deviates  considerably 
from  experience  for  pressures  below  the  atmosphere, 
and  therefore  was  never  intended  to  apply  to  con- 
densing engines ;  and  as,  moreover,  for  non-con- 
densing or  high  pressure  engines,  it  is  not  nearly 
so  exact  as  the  formula  which  we  are  going  to 
projK>sc,  we  shall  only  present  here  the  last  one 
in  English  measures. 

Formula  for  high  pressure  engin 

10000 

M"   1-421  +  0023  p' 

In  this  expression  /i  represents  the  relative  volume 
of  the  steam,  ami  p  is  its  pressure  expressed  in  lbs. 
per  square  foot. 

To  give  ■  pracfn  idM  of  the  approximation  given 
hy  this  formula,  we  here  subjoin  a  Table  of  the 
values  it  furnishes  for  the  principal  points  of  the 
scale  of  pressures.  It  will  he  remarked  that  in  high 
lire  engines,  the  steam  can  hardly  l>c  spent  at 
a  total  pnorara  less  than  two  atmospheres,  by 
reason  of  the  atmospheric  pressure,  the  friction  of 
the  engine,  and  the  resistance  of  the  loud.  Therefore 
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it  is  needless  to  require  of  the  formula  exact  vo- 
lumes for  pressures  less  than  two  atmospheres. 

Relative  volume  of  the  steam  generated  under   different 
pressure*,  calculated  by  the  proposed  formula. 


Volume  calcula- 

ted by  the  pro- 

Total  prosaic 

Volume  of  the 

poaed  formula  for 

of  the  (team,  in 

■team,  calculated 

high-preaaure 

pounds  per  square 

by  the  ordinary 

non-condenaing 

inch. 

formula;. 

engines. 

15 

1669 

20 

1280 

1243 

25 

1042 

•       1031 

SO 

882 

881 

35 

765 

768 

40 

677 

682 

45 

608 
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50 

552 

556 

55 

506 

509 

60 

467 

470 

65 

434 

436 

70 

406 

406 

75 

381 

381 

80 
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358 

85 

340 

338 

90 

323 

320 

105 

281 

276 

120 

249 

243 

135 

224 

217 

150 

203 

196 

Sect.  V.    Of  the  constituent  heat  of  the   steam  in 
contact  with  the  liquid. 

There  is  yet  an  inquiry,  relative  to  the  properties 
of  steam,  which  has  long  fixed  the  attention  of 
natural  philosophers :  it  is  that  of  the  quantity  of 
heat  necessary  to  constitute  the  steam  in  the  state 
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<il   an   elastic   thud   under    various    degrees   of   elas- 
ticity. 

It  is  well  known  that  when  water  is  evaporated 
under  the  atmospheric  pressure,  in  vain  new  quan- 
tities  of  heat  may  be  added  by  means  of  the  fur- 
nace ;  neither  the  temperature  of  the  water,  nor  that 
of  the  steam,  ever  rise  above  100°  of  the  centigrade 
thermometer,  or  212°  of  Fkbn  'illicit.  All  the  heat 
then  which  is  incessantly  added  to  the  liquid  must 
pass  into  the  steam,  but  must  subsist  there  in  a 
iin  state  which  is  called  latent,  because  the 
heat,  though  really  transmitted  hy  the  fire,  remains 
nevertheless  without  any  effect  upon  the  thermo- 
meter, nor  does  it  afterwards  become  perceptible 
till  the  moment  of  disengaging  itself,  on  the  steam 
Mug  condensed. 

This  latent  heat  evidently  serves  to  maintain  the 
molecules  of  water  in  the  degree  of  separation  suit- 
able to  their  new  state  of  elastic  fluid ;  and  it  is 
then  absorl>ed  by  the  steam,  in  a  manner  similar 
to  that  which  is  absorbed  by  the  water,  on  passing 
from  the  solid  state,  or  state  of  ice,  to  the  liquid. 
But  it  is  im|M>rtant  to  know  the  quantity  of  the 
latent  heat,  in  order  to  appreciate  with  accuracy 
the  modifications  the  steam  may  undergo. 

Some  essays  made  by  Watt  had  already  elicited 
that  the  steam,  at  the  moment   of  its   generation, 
or  in  contact  with  the  liquid,    contains    the   same 
quantity  of  total  heat,  at  whatever  degree  of  ten 
or,  in  other  words,  at  whatever  degree  of  density. 


it  may  be  formed.  The  experiments  of  Messrs. 
Sharpe  and  Clement  have  since  confirmed  this  re- 
sult. From  them  is  deduced,  that  the  quantity 
of  latent  heat  contained  in  the  steam  in  contact 
wiiii  tin-  liquid  is  less  and  less,  in  proportion  as 
the  temperature  is  higher;  so  that  the  total  heat, 
or  the  sum  of  the  latent  heat  plus  the  heat  indicated 
by  the  thermometer,  forms  in  all  cases  a  constant 
quantity  represented  by  650'  of  the  centigrade  ther- 
mometer, or,  I  170''  of  Fahrenheit's 

Southern,  on  the  contrary,  has  concluded  from 
some  experiments  on  the  pressure  and  temperature 
of  steam,  that  it  is  the  latent  heat  which  is  con- 
stant ;  and  that,  to  have  the  total  quantity  of  heat 
actually  contained  in  steam  formed  at  a  given  tem- 
perature, that  temperature  must  be  augmented  by 
a  constant  number,  representing  the  latent  heat 
absorbed  by  the  steam  in  its  change  of  state. 

Some  authors  have  deemed  this  opinion  more 
rational,  hut  the  observation!  we  are  about  to 
relate  seem  to  us  to  set  the  former  beyond  all 
doubt. 

It  is  known,  that  when  an  clastic  fluid  dilates 
itself  into  a  larger  space,  the  dilatation  is  invari- 
ably attended  with  a  diminution  of  temperature. 
If,  then,  the  former  of  the  two  laws  be  exact,  it 
follows  that  the  steam,  once  formed  at  a  certain 
pressure,  may  be  separated  from  the  liquid,  and 
provided  it  lose  no  portion  of  its  primitive  caloric, 
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by  any  external  igeot,  it  may  dilate  into  greater  rod 

greater  space,  passing  at  the  HUM  time  to  lower  and 
lower  temperatures,  without  ceasing  on  that  account 
to  remain  at  the  maximum  density  for  its  actual 
temperature.  In  effect,  since  we  suppose  thai  the 
•.team  lias  in  reality  lost  no  portion  of  its  total  heat, 
the  consequence  is,  that  it  alwa\>  contains  precisely 
a»  much  as  raffled  to  constitute  it  in  the  state  of 
iinum  density,  as  well  at  the  new  tcin|H.raturc 
a*  at  the  lorn 

If,  on  the  contrary,  Southern's  law  be  exact, 
when  the  strain,  once  separated  from  the  liquid, 
will  diminish  in  density  as  it  dilate  |  into  a  larger 
apace,  it  will  not  remain  at  the  maximum  density 
for  tin  new  temperature.  To  admit  indeed  that  it 
would  do  so,  would  he  to  verify  Watt's  law,  since 
tin  new  steam  would  he  at  the  maximum  density, 
although  Containing  precisely  the  same  quantity 
of  total  heat  as  the  old.  But  .since  we  admit,  00 
the  eonti;u\.  that  the  primitive  steam  contained 
more  heat  than  was  necessary  to  constitute  the  new 
at  the  maximum  d<ii-ir\,  it  follows  that  the  surplus 
heat,  now  liU-iutcd.  will  diffuse  itself  in  the  new 
■team  ,  and  u  this  is  separated  from  the  liquid, 
the  increase  of  heat  cannot  have  the  effect  of  in- 
creasing tin  densit)  mI  the  -tram,  hut  will  be  alto- 
gether sensible  in  the  temperature.  Thus  the 
it  will  be,  a  steam  at  a  certain  density,  indi- 
hv   the   spaces  into  which   it    is    dilated,    ami 
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at  a  temperature  higher  than  what  is  suitable  to 
that  density,  in  steams  at  the  maximum  of  density 
for  their  temperature. 

Now,  in  a  numerous  series  of  experiments,  of 
which  we  shall  speak  hereafter,  we  have  found 
that  in  an  engine  whose  steam-pipes  were  com- 
pletely protected  against  all  external  refrigeration, 
the  steam  was  generated  at  a  very  high  pressure 
in  the  hoilcr ;  and,  after  having  terminated  its 
action  in  the  engine,  escaped  into  the  atmosphere 
at  pressures  very  low  and  very  varied  ;  and  that  in 
every  case  the  steam  issued  forth  precisely  in  the 
state  of  steam  at  the  maximum  of  density  for  ii- 
temperature.  Southern's  law  then  is  inadmissible, 
unless  any  one  choose  to  suppose  that  in  these 
varied  changes  of  pressure  the  steam  lost,  by 
contact  with  the  very  same  external  surfaces,  al- 
ways precisely  and  strictly  just  that  quantity  of 
heat,  sometimes  very  considerable,  at  other  times 
very  small,  by  which  its  tcni|>cratiire  should  have 
increased.  Consequently  the  law  of  Watt  is  the 
only  one  supported  by  the  facts. 

The  total  quantity  of  heat  contained  in  the  steam 
in  contact  with  the  liquid,  and  under  any  pressure 
whatever,  is  then  a  constant  quantity  ;  and  accord- 
ing as  the  sensible  heat  increases,  the  latent  heat 
diminishes  in  an  equal  quant  ii\ 

On  the  other  hand,  according  to  the  same  law, 
if  we    conceive  water  to  be    enclosed    in  a  vessel 

capable  of  sufficient  resistance,  and  submitted  i«> 
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Um|>erature8  of  greater  and  greater  intensity;  the 
latent  heat  of  the  steam  thence  arising  will  be  less 
and  less  as  the  sensible  heat  or  temperature  -li.  II 
become  greater  j  and  as  soon  as  the  steam  shall  l>e 
generated  at  a  temperature  equal  to  650°  centigrade 
or  1170°  of  Fahrenheit,  it  will  cease  to  absorb 
heat  in  a  latent  state,  and  will  no  longer  receive 
any    portion   of  it,  but  which  will  be  sensible  on 

the  thermometer.  We  must  then  conclude  that 
at  this  point  the  steam  will  have  a  density  equal 
to  that  of  water;  since  in  passing  from  one  ettte 
to  another,  it  requires  no  farther  increase  of  caloric, 
as  would  be  necessary  if  any  farther  increase  of  se- 
verance were  to  take  place  between  the  molecules. 
Thus  the  water,  though  still  contained  in  the  vessel, 
will  all  have  passed  into  the  state  of  steam,  so  that 
there  will  l>e  no  more  steam  in  contact  with  the 
liquid.  From  this  moment,  then,  new  quantities  of 
heat  may  be  applied  to  the  vessel  ;  but  instead  of 
MOting  on  a  liquid,  which  passes  to  the  state  of  gas, 
by  absorbing  latent  heat,  it  will  now  only  act  on  an 
elastic  tluid,  and  therefore  all  the  increase  ot  heat 
will,  a*  in  all  uases,  become  sensible  on  the  ther- 
mometer. 

This    observation    explains    the   difficulty    which 

would  otherwise  present  itself;  rfas.,  that  beyond 
'">;.<>  centigrade  or  1 1 7IX°  of  Fahrenheit,  the  pre- 
Ceding  law  could  not  subsist  without  the  latent 
heat  becoming  a  negative  quantity,  which  is  im- 
possible 
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Sect.  VI. — Of  the  conservation  of  the  maximum 
density  of  the  steam  for  its  temperature,  during  its 
action  in  the  engine. 

When  an  engine  is  at  work,  the  steam  is  gene- 
rated in  the  hoiler  at  a  certain  pressure ;  from 
thence  it  passes  into  the  cylinder,  assuming  a  dif- 
((■nut  pressure,  and  then,  if  it  l>c  an  expansive 
engine,  the  steam,  after  its  separation  from  that  of 
the  hoiler,  continues  to  dilate  itself  more  and  more 
in  the  cylinder,  till  the  end  of  the  stroke  of  the 
piston.  It  is  commonly  supposed  that,  during  all 
the  changes  ol  pressure  which  the  steam  may  un- 
dergo, its  temperature  remains  the  same,  and  the 
consequent  conclusion  is  that,  during  the  action  of 
the  steam  in  the  engine,  its  density  or  relative  vo- 
lume follows  tin;  law  of  Boyle  or  Mariotte ;  that  is 
to  say,  the  relative  volume  varies  in  the  inverse 
ratio  of  the  pressure.  This  supposition  simplifies 
indeed  the  formulae  considerably,  but  we  shall  pre- 
sently see  that  it  is  contrary  to  experience  ;  and 
therefore  it  becomes  necessary  to  seek  what  is  the 
true  law,  according  to  which  the  steam  changes 
temperature  in  the  engine,  at  the  same  time  that  its 
pressure  changes.  And  as  calculations  relative  to 
the  effects  of  steam  depend  essentially  on  the 
volume  it  occupies,  we  must  seek  also  what  changes 
that  volume  undergoes,  by  reason  of  the  variations 

of  temperature  and  pressure  which  lake  place  in 

I  he  steam  during  its  action. 
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We  shall  then  substitute    for  the   relation   pro- 
ecdcnlly    indicated,    according    to     Marioltc's    law  , 
another  more  real,  and,  what  is  essentially  necessary 
to   calculate  the   effects    of  steam    with    accun 
deduced  from  the  facts  themselves. 

We  have  just  said  that  the  calculations  relative 
to  steam  engines  suppose  the  steam  t<>  preserve 
invariably  its  original  temperature,  which  all 
the  application  of  Boyle's  or  Mariottc's  law  to 
all  the  changes  of  density  or  of  pressure  it  may 
undergo.  However,  as  it  is  known  that  ela*ti< 
fluids  never  dilate  without  cooling  in  some  degree, 
this  supposition  obviously  could  not  lie  realized,  but 
on  condition  that  the  steam  have  time  to  recover 
from  the  bodies  with  which  it  is  in  contact,  sup- 
|K)sed  to  be  sufficiently  heated,  the  quantity  of 
caloric  necessary  to  restore  its  temperature,  alter 
expansion,  to  the  same  degree  at  which  it  was 
before.  Now,  the  rapidity  of  the  motion  of  the 
i  in  the  cylinders  and  the  pi|>es,  and  the 
natural  temperature  of  those  pipes,  which  makes 
them  rather  liable  to  take  caloric  from  the  steam 
than  to  supply  it  with  caloric,  will  not  suffer  the 
admission  of  such  an  hypothesis.  " 

To  obtain  satisfaction  on  this  head,  in  a  numerous 
scries  of  experiments,  we  adapted  to  the  boiler  of  a  • 
locomotive  engine  a  thermometer  and  an  air-gauge 
or  nii  ipplied  also  two  similar  instru- 

ments to  the  pipe  through   which  the  steam,  alter 
enniuated  its  action  in    il,-  engine,  MWPWJ 
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into  the  atmosphere;  and  we  observed  their  simul- 
taneous indications.  The  steam  was  generated  in 
the  boiler  at  a  total  pressure  varying  from  40ms.  to 
t».')II>s.  per  square  inch,  and  escaped  into  the  atmo- 
sphere at  a  pressure  varying,  according  to  different 
circumstances,  from  20  lbs.  to  15  lbs.  per  square 
inch.  Had  the  steam  preserved  its  tcmj>eratUW 
during  its  action  in  the  engine',  it  would  have  issued 
forth  with  the  pressure,  for  instance,  of  lofhs.  per 
M|uare  inch,  but  with  the  temperature  proper  to  the 
pressure  at  which  it  had  been  formed,  that  is,  fiolbs. 
per  square  inch.  Now,  nothing  like  this  took  place  : 
during  some  hundreds  of  experiments  wherein  we 
observed  and  registered  these  effects,  wc  found  in- 
variably that  the  steam  escaped  precisely  with  the 
temperature  suitable  to  its  actual  pressure. 

In  effect,  the  divisions  of  the  thermometer  em- 
ployed indicated  the  pressure  in  steam  in  contact 
with  the  liquid ;  that  is  to  say,  the  degrees  of 
temperature  having  been  first  marked  in  the  ordi- 
nary way,  the  temperatures  had  been  afterwards 
replaced,  from  known  Tables,  by  the  corresponding 
pressures  in  steam  at  the  maximum  of  pressure  or 
of  density  for  its  temperature.  This  instrument 
showed  then  at  every  moment  the  maximum  pres- 
sure corresponding  to  the  actual  temperature  of  the 
steam.  On  the  other  hand,  the  air-gauge  measured 
directly  the  real  pressure  of  the  steam.  The  two 
instruments  then  could  agree  only  so  long  as  the 
real  pressure  of  the  steam  was  at  the  same  time  the 
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iiimm  pressure  correspond i nt;  to  Uw  temps* 
rature  of  that  steam.  But,  durini:  the  whole  course 
of  the  experiments,  the  thermometer  was  found  to 
give  Identically  the  same  degree  of  pressure  as  the 
air-gauge,  and  it  equally  agreed  with  a  npboa- 
iiiaiiotiu'ter  which  we  had  superadded  to  the-  appa- 
ratus at  the  point  of  the  outlet  of  the  steam.  Ibe 
steam  then  was  generated  in  the  hoiler  at  a  certain 
very  high  pressure,  and  emitted  the  engine  at  a 
very  low  one ;  but,  on  its  leaving  the  engine,  as 
well  us  at  the  moment  of  its  production,  that  steam 
was  at  the  maximum  of  pressure  or  of  density  for 
its  temperature,  that  is  to  say,  it  was  precisely  in 
the  same  state  in  which  it  would  have  been,  had  it 
risen  immediately  from  the  liquid  at  its  actual 
pressure. 

We  will  not  relate  all  the  experiments  in  which 
we  have  observed  this  result,  since  it  would  be  a 
mere  Repetition  Of  the  same  thing,  and  sinee,  in 
order  at  the  same  time  to  attain  other  determi- 
nations relative  to  the  engine,  and  particularly  that 
of  the  pressure  due  to  the  blast-pipe,  as  will  here- 
after appear,  we  necessarily  made  a  very  great 
number  of  observations  on  the  subject ;  but  to  give 
an  idea  at  least  of  the  results,  we  will  present  a 
fan  series  of  them  in  the  following  Table: 
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F.rjieriments  on  the  change*  of  pressure  and  temperature 

of  the  *leam,  during  it*  action  in  the 

■ngine. 

Total  preiiurc  o( 

Total  preMirrc  of  the 

tint  "Warn,  in  IU. 

atrani.  in  It».  per  tq. 

per  m).   inch,  at 
the    moment   of 

Cormpondiii|c 

i'i'-li.  Ill  tin-  iiiiimnii  i.f 
iti  Icating  the  engine, 

Corrouonding 

it*  generation  in 

temperature. 

W                                               V 

tcmneniturr.   in 

the  boiler,  by  tlir 

in  il.  .-trta  at 

ili-gri-i'<  <if 

dr>pim  ninl  b] 

Fahmiii'-ii  - 

l.y  the 

lis   tllO  llll-l. 

KalitTiilirit'ii 

the  thermometer. 

thermo 

airline. 

Illlllll.'lfl. 

llirnuuinetcr, 

59 

998 

165 

16-5 

218 

60 

294- 1 

16-5 

16-5 

218 

61 

2949 

16-5 

165 

218 

69 

297 

16-5 

16-6 

218 

62 

295-9 

17-5 

17-5 

2211 

61 

294-9 

18-5 

18-5 

994-1 

61 

294-9 

19  5 

19-5 

•J-Jfi-9 

59 

293 

lti-5 

19-5 

'J26-9 

59 

•_»*I3 

20-25 

90*95 

999 

59 

•'•rt 

20-5 

-ii.-. 

2l>9-6 

59 

293 

20-25 

20-25 

229 

46 

2771 

18 

18 

999-6 

49 

281 

18-5 

18-5 

•224- 1 

54 

2872 

20 

20 

228-3 

56 

2S9-6 

21 

21 

231 

51 

2836 

21-5 

21-5 

232-3 

51 

283-6 

2125 

91-98 

231-6 

53 

28G 

20  5 

l'ii:, 

229-6 

52 

284-8 

19 

19 

225-6 

51 

989*6 

19 

19 

99S-6 

52 

984-8 

19 

19 

925*6 

51 

989-6 

19 

19 

225  G 

51 

283-6 

I  s:, 

18-5 

224- 1 

58 

286 

18-5 

1  S  3 

2241 

54 

2872 

18-5 

18-5 

9941 

57 

SMM 

is;, 

18-5 

984-1 

58 

291-9 

18-5 

1  s  ;> 

224  1 

62 

"J!  i.i-9 

17  25 

i  7-98 

220-3 

ill 

298-1 

17-75 

1775 

291*8 

62 

2959 

18 

18 

222-6 

61 

2949 

1875 

18-75 

224-8 

64 

996- 1 

91*8 

21-5 

2323 

60 

.'HI   1 

215 

21-5 

2323 

60 

994  1 

2075 

90  78 

230  3 

61 

'1-9 

90  7.'. 

'ii  . 

980-8 

62 

295-9 

91-95 

91-96 

-Nil -6 

63 

297 

91-75 

•j:i2-9 

We  sir  from  these  cxpeffBDtntB,  that   the  stHBl 
after  having  heen  generated  in  the  boiler  at  a  very 

h  pressure  and  temperature,  lowered  its  pressure 
mure  or  less  in  the  engine,  but  that  its  temperature 
lowered  at  the  same  time,  and  in  such  sort  that  the 
steam  \\;is  always  at  the  maximum  nt  prtlSBUrC  Of  "I 
density  for  its  temperature. 

In  the  engine  submitted  to  experiment,  the 
steam,  throughout  its  action,  was  completely  pro- 
tected against  all  external  refrigeration ;  for  the 
pipe  which  conducted  it  from  the  hoilcr  to  the 
cylinder  was  immerged  into  the  steam  of  the  boiler 
itself,  as  far  as  the  point  where  it  entered  the 
smoke-box.  Then,  as  well  in  the  interval  which 
separata  that  point  from  the  entrance  of  the  cy- 
linder as  during  its  action  in  the  cylinder  itself,  and 
from  its  quitting  the  cylinder  to  the  orifice  of  the 
blast-pipe,  the  steam  was  continually  traversing 
passages  entirely  enclosed  in  the  smoke  lx>x,  and 
consequently  in  immediate  contact  with  the  flame 
and  hot  air  proceeding  from  the  furnace.  The  steam 
could  not  then  be  liable  to  any  external  refrigera- 
tion. 

Hie  above-mentioned  cx|>orinicnts  referred  then 
to  an  engine  perfectly  guarded  against  any  external 

refrigeration.  On  (he  other  hand,  supjmsing  an 
te  wherein  these  external  causes  of  refrigeration 
not  provided  against,  the  effect  will  Ik-  first  to 

operate  the  condensation  of  a  part  of  the  steam 

en  ilueod.  and  there  will  coneoonentlj    exist   in  the 
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pnficagol  traversed  bj  tin-  steam  a  certain  quantity 
of  water  in  its  liquid  state.  It  will  be  precisely  tin: 
same  in  the  cylinder  of  a  condensing  engine,  aAer 
the  imperfect  condensation  of  the  steam.  In  cadi 
of  these  two  cases,  the  remaining  steam  will  he 
found  materially  in  presence  of  tin'  liquid*  and 
coiinequently  will  again  be  necessarily  at  the  maxi- 
mum of  density  for  its  temperature. 

Finally,  ;i  third  case  might  be  supposed,  that  in 
which  the  strain  should,  on  the  contrary,  acquire 
heat  alter  its  separation  from  the  water  of  the 
boiler.  Then,  contrary  to  what  has  been  seen  to 
take  place  in  the  locomotive  engine  mentioned 
above,  it  is  plain  that  the  steam  would  acquire  a 
temperature  above  that  which  is  proper  to  steam  at 
the  maximum  density  for  its  temperature  ;  but  this 
case  does  yot  occur  in  steam  engines,  and  it  will 
therefore  be  useless  to  dwell  on  it. 

It  is  consequently  to  be  concluded  from  the  fore- 
going) that  in  steam  engines  more  or  less  perfectly 
guarded  against  all  external  refrigeration,  the  steam 
remains  always,  during  its  action  in  the  engine,  in 
the  state  of  maximum  density  for  its  temperature, 
as  if  it  had  never  ceased  to  be  in  contact  with  the 
generative  liquid. 

Now,  we  have  shown  in  the  fourth  section  of  this 
chapter,  that,  with  regard  to  steam  in  contact  with 
the  liquid,  the  relative  volume  may  be  expressed  in 
terms  of  the  pressure  by  a  very  simple  formula, 
\v  Inch  we  may  present  generally  under  the  form 
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H  = 


I 


(") 


*  +  1P 

This  analogy,  in  which  n  and  7  will  have  the  niiinc- 
>ii;il  v a lues  already  indicated,  will  then  he  applicable 
to  all  the  changes  ot'  volume  of  the  steam  during  its 
action  in  the  engine. 

From  this  equation,  it'  we  suppose  that  a  certain 
volume  of  water,  represented  by  S,  be  transformed 
into  steam  at  the  pressure  p,  and  that  we  call  M  the 
absolute  volume  of  steam  which  \sill  be  prodiuvd  by 
it,  we  shall  have 

__M_      I 

If  afterwards  the  same  volume  of  water  be  trans- 
formed  Into  steam  at  the  pressure  p,  and  that  we 
call  M'  the  abtolute  volume  of  the  resulting  steam, 
we  shall  have  also 

M  J 

S     "  «+«/// 

c<|iieiitlv,  between  the  absolute  volumes  of 
■team  which  correspond  to  the  same  weight  of 
water,  we  shall  have  the  dclinilivc  relation, 


M 


M 


i=* 


<« 


that   is  I  the  volumes  of  the  steam  will  be, 

not  in  the  inverse  ratio  of  the  pressures,  as  was 
sup|KJsed  in   admitting  Movie's  or  Mariotte's    law, 
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but  in  the  inverse  ratio  of  the  pressures  augmented 
by  a  constant  quantity. 

From  the  equation   (b)   is  likewise  drawn  the 

analogy 


'=h<S+*H 


(c) 


And  the  two  equations  (b)  and  (c)  will  serve  to 
determine,  either  M,  or  />,  according  to  the  one  of 
theM  two  quantities,  which  will  he  unknown. 

As,  in  all  calculations  relative  to  the  effects  of 
steam  engines,  the  volume  occupied  by  a  given 
weight  of  steam  forms  the  important  element  of  the 
calculation,  it  is  very  obvious  that  the  use  of  the 
principle  of  the  conservation  of  the  maximum  density 
of  the  steam  for  Us  temperature,  during  its  action  in 
the  engine,  and  the  formula-  by  which  we  have 
represented  it,  will  tend  to  the  avoiding  of  many 
considerable;  errors  in  the  results. 

If  we  consider  a  condensing  engine  in  which  the 
steam  generated  at  the  pressure  of  8  atmospln 
or  120  tbs.  per  square  inch,  shall  expand  to  10  lbs. 
per  square  inch  ;  then,  in  the  usual  mode  of  calcula- 
tion, it  will  be  supposed  that  the  steam,  during  its 
expansion,  will  preserve  its  temperature,  and  that 
its  volume  will  vary  in  the  inverse  ratio  of  the 
pressures.  The  volume  of  the  steam  at  the  pres- 
sure of  120  lbs.  per  square  inch  is  249  times  that  of 
the  water  which  produced  it.  If  its  temperature 
remained  unchanged  during  its  action  in  the  engine, 
its  volume  after  the  expansion  would  become 
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249  X  ~  =2988. 
Hie  supposition,  then,   amounts  to  admitting   thai 

under  the  prearore  of  10  lbs.  per  square  inch,  the 

volume  of  the  steam  would  be  2988  times  tbat  of 
Ihe  water.  Now,  from  accurate  Tables,  this  volume 
i-  _'  ll'7.  An  error,  then,  is  induced  of  \  on  the  real 
volume  of  the  steam,  that  is  to  sa\ .  on  tin-  effect  of 
the  engine,  and  this  error  will  he  almost  entirely 
avoided  by  the  use  of  our  formula  suitable  to  oon- 
ihiisiiii;  imgllMM  (TTirory  of  the  Steam  BugilU,  chap 
ii.  sect,  if.),  since  it  gives  in  this  case  2417,  in- 
stead of  2427.  that  is  to  say,  it  differs  inconsiderably 
hum  the  trOfl  volume  of  the  steam. 

In  non -condensing  engines,  the  error  which  re- 
sults from  the  application  of  Mariotte's  law  is  again 
-eii-ihlc.  though  less  considerable  than  in  the 

preceding  anginal,    if,  in  hut,  we  loppoaa  an  engine 

w  lit- rein  the  steam  be  generated  at  the  pressure  of 

5  atmospheres,  or  7.'>lbs.  pec  tquare  inch,  and  ex- 
pended at  the  pressure  of  30ms.  jier  square  inch,  or 
about  2  at  Unispheres,  as  the  volume  of  the  steam 
formed  under  the  pressure  of  "Mbs.  per  stpiare  inch 
is  381  times  the  volume  of  the  water,  it  is  plain 
that,  if  the  action  of  the  steam  took  place  without 
the  temperature  changing,  it*  volume,  at  the  moment 
ol  it-  ai  lion,  would  he  represented  by  the  number 

88 IX  $= 952. 
But   from  exact  Tables,  the  volume  of  the  steam 
formed  at  the  pressure  of  30 lbs.  per  sipian-  inch  i- 
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it-ally  882  timet  the  volume  of  the  water.  Ad- 
mitting, by  the  fact,  the  former  number  instead  of 
the  latter,  an  error  will  be  committed  of  about  r\  00 
the  real  volume  of  the  steam,  and  consequently  on 
the  effect  of  the  engine  ;  and  that  error  will  be 
totally  avoided  by  using  the  Tables  which  we  have 
given  of  the  volume  of  the  steam.  Using  our 
formulae  for  non-condensing  engines,  the  resulting 
number  for  the  volume  of  the  steam  will  be  881 
instead  of  882.  In  this  case  also  will  thus  be 
avoided  the  above-mentioned  error. 

Vi'e  must  however  add,  that  with  respect  to  slight 
differences  of  pressure,  such  as  occur  in  a  great 
number  of  cases,  the  error  resulting  from  the  use  of 
Mariotte's  law  may  become  quite  unnoticeable. 


CHAPTER  III. 

OK    llll    1'ltKSStKK  ()!•  THE  STEAM,  l\    LOCOMOTIVE 

UNKs 


ARTICLE    I. 

or    TIIK    HArKTY-VAl 

Sicct.  I.  Cjftki  Prettwe  calaUatod  according  (o  the 

Lrver*  and  the  Spring-balance. 

W'iikn  iii     thud    i<    confined    in    a   closed 

vessel,  it  produces  in  every  direction,  on  the  sides 
of  the  vessel,  a  pressure,  which  is  the  result  OJ 
clastic  force,  and  which  liives  the  exact  measure  Of 
that  force.  If,  the  vessel  heing  already  tilled  with 
BteU&i  a  fresh  quantity  is  continually  added,  the 
clastic  force  of  the  steam  will  augment  more  and 
more,  and  consequently  also  the  pressure  it  produces 
on  every  square  inch  of  the  surface  of  the  vessel. 
Now  if  at  one  |M>int  <>\  the  vessel  there  be  I  valve, 
that  is  to  lay,  mi  aperture,  closed  with  a  moveable 
ting  ■  q  i  '.lie  weight,  it  is  clear  that,  as 
soon  as  the  steam  contained  in  the  vessel  pnxli 
:    I  he  moveable   plate  a    pressure  equal   to   that 

■  ■I  tin-  weight  which  hcldi  it  down  in  the  opp 
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direction,  the  plate  will  begin  to  be  lifted  op-;  the 
passage  will  then  he  opened,  and  the  steam  escaping 
through  the  a'H'rture,  will  show  that  its  pressure  was 
gKater  than  the  weight  that  loaded  the  plate  or 
valve. 

It  must  however  Ik:  observed,  that  the  resistance 
which  opposes  the  egress  of  the  steam  does  not 
consist  only  in  the  weight  that  has  hcen  placed  on 
the  valve.  Besides  that  weight,  the  atmosphere 
peodnoea  alSO  on  the  valve  a  certain  pressure,  as 
well  as  upon  every  other  body  with  which  it  comes 
in  contact.  That  pressure  is  known  to  he  equal 
to  14'7  lbs.  per  square  inch.  It  is  therefore  the 
iii,  added  to  the  pressure  of  the  atmosphere, 
that  gives  the  real  measure  of  the  elastic  force  of 
the  steam  ;  while  the  weight  alone  represents  only 
the  surplus  of  the  pressure  over  the  atmospheric 
pressure,  or  what  is  called  the  effective  pressure  of 
the  steam.  Consequently,  when  a  valve  has  a  sur- 
face of  five  square  inches,  and  supports  a  weight  of 
2608)0.,  which,  divided  between  the  live  square 
inches,  gives  a  resistance  of  50 lbs.  per  inch,  that 
amount  Of  50 fin,  expresses  the  effective  pressure  of 
the  steam,  a  valuation  frequently  made  use  of  on 
account  of  its  convenience  for  calculation,  whereas 
64*7  Ihs.  i-  the  real  resistance  opixwed,  and  therefore 
the  real  pressure  of  the  steam. 

On  this  principle  are  grounded  the  means  of 
measuriug  the  pressure  in  steam  engines,  but  in- 
stead of  imposing  directly   a   weight  on   the    \ 
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winch  weight  must  needs  be  considerable,  a  leva    is 

1  |    and    as  moreover  a  heavy   bod-, 
at   the   extremity   of  mh'Ii   lever  would   l)e  liable  to 
mual    jerking,    during    the  motion  of  the   en- 
gine, which  would  cause  an  incessant  opening  and 
shutting  of  the  valve,  this  weight  is  replaced  by  an 

equivalent  spring. 

Figure  1G  represents  the  apparatus  ued  in  loco- 
motive engines.  The  point  C  is  a  fixed  pivot  round 
which  the  lever  CB  may  move  up  and  down.  At 
the  point   A  this   lever   presses  on   tin  S   by 

im  of  a  pin,  and  is  held  at  its  extremity  B  by 
the  above-mentioned  luring.  This  consists  of  a 
I.  which  by  being  more  or  less  compressed,  is 
able  to  support  in  equilibrium,  ami  consequently  to 
represeut,  larger  or  smaller  weights.  In  other  words, 
it  is  ;t  Spring-balance,  such  as  is  used  for  weighing 
in  daily  occurrences. 

This  balance  consists  of  a  rod  T  (fig.  16)  which 
is  held  in  the  hand,  and  to  which  is  fastened  a  plate 
with  a  narrow  oblong  aperture  in  it.  Behind  this 
plate,  and  in  a  cylindrical  tube,  is  a  spring,  the  foot 
of  which  rests  on  the  basis  L,  which  is  fixed  to  the 
plate.  At  it*  other  end,  this  same  spring  is  pressed 
I  1 1 ansverse  bar  mn .  At  the  inferior  part 
of  the  apparatus  is  a  rod  P,  tO  which  are  fastened  the 
objects  that  are  to  be  weighed.    The  prolongation  of 

thebai  inn  projects  through  the  spartan  of  the  plate, 
and  is  terminated  by  an  index  winch  appears  on  the 

le.  and  which  slides  op  and  down  the  aperture  in 
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proportion  as  the  spring  is  more  or  less  compressed. 
Divisions  are  engraved  along  that  same  aperture.  In 
order  to  murk  them,  known  weights  of  I  ft.,  2  His., 
Sic.  are  successively  suspended  at  P,  and  according  as 
ights,  by  pressing  on  the  spring,  cause  the 
index  to  rise,  the  corresponding  divisions  arc  marked 
The  consequence  of  this  is,  that  when  an  object 
of  unknown  weight  is  suspended  at  1',  and  make-! 
the  index  rise  to  the  point  marked  10,  that  is  to 
say,  to  the  same  point  to  which  a  known  weight  of 
10  Ids.  made  it  rise,  we  conclude  that  the  object  also 
lis  10  lbs.  This  is  the  sort  of  balance  which  is 
I  for  measuring  the  pressure  in  locomotive  en- 
gines. We  see  that,  by  taking  it  off  from  the  engine, 
and  suspending  known  weights  to  it,  the  divisions 
may  easily  he  verified,  after  the  balance  is  graduated. 
On  the  engine,  the  foot  P  of  the  balance,  where 
tin-  object  to  be  weighed  would  be  suspended,  is 
fixed  in  a  solid  manner  to  the  boiler;  and  the  rod 
T,  which  would  be  held  in  the  hand  in  common 
weighing,  is  fastened  to  the  end  of  the  lever.  This 
rod  passes  through  an  aperture  cut  through  the  end 
of  tlii  lever,  and  is  fixed  above  it  by  a  screw  which 
rest*  upon  the  lever.  When  it  is  required  that  this 
balance  shall  produce  a  pressure  of  10  lbs.,  nothing 
more  is  necessary  than  to  lower  the  screw  until  the 
sprii  to  tin-  point  marking  10 lbs.,  and  the 

same  for  any  other  weight. 

Vice  vend,  the  steam  being  in  the  boiler  at  an 

unknown  degree  of  pressure,  U  we  loosen  gradually 
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the  screw  until  the  stearu  begins  to  raise  the  valve, 
that  is  to  say,  until  its  pressure  stands  in  equilibria 
with  the  pressure  of  thr  spring,  the  pressure  ot'the 
steam  will  be  known,  for  the  degree  then  marked 
by  the  index  will  show  the  might  which  '»  OtJDjd 
to  it. 

Knowing  the  weight   marked  on  the  halaiur.  DT 
represented  by  tlir  tension  of  the  spring,  it  is  easy 
to  deduce  the  resulting  pressure  on  the  valve  per 
unit  Of  surface  ;  for  the  weight  multiplied  by  the  pro- 
ion  of  the  two  amis  of  the  lever  gives,  firstly, 
the   total   pressure  on   the  whole  valve,  and  tlii<  di- 
vided  by   the  area  of  the   valve  gives  the   pressure 
nir  on  each  unit  of  its  surface.     Thus  1'  h. 
weight  inscribed  on  the  halanee,  its  effect  on  the 
|>oint  A  Mffll  be 

,>XAC; 

if  the  area  of  the  valve  be  expressed  i>>  «,  the 
preseure  on  the  unit  of  surface  will  be 

BC 


V  X 


p  = 


AC 


To  avoid  all  necessity  of  calculation  in  this  respect, 
the  lever  is  often  Ink  teil  that  the  ratio  of  its 

tWO  parts  is  expressed  by  the  number  itself  which 
expresses  the  surface  ol  II W  rata  That  is.  if  the 
area  of  the  valve  i-  S  -quarc  inche-  il  B  leven  will 
ftr  made  m  the  pTOpO  tklfl  oi  •'»  i<>  1  .   thru  the  | 
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sure  per  unit  of  surface  of  the  valve  is  immediately 
given  by  the  weight  inscribed  on  the  balance. 
If,  for  instance,  we  suppose  i  valve  of  24  inches 

in  diameter,  which  makes  very  nearly  5  square 
Inches  of  surface,  and  that  the  two  levers  BC  and 
AC  Ik:  15  inches  and  .'i  inches,  a  weight  of  50  lbs. 
marked  on  the  balance  will,  from  the  ratio  ol  the 
levers,  art  on  llie  valve  with  a  pressure  of.">  til 
50 lbs.,  or  250  lbs.,  which,  divided  among  the  5 
square    inches   of  surface    of  the    valve,    will    give 

SO  His.  per  square  inch,  which  is  precisely  the  neighl 

marked  on  the  balance. 


Skct.  II.   Of  the  corrections  to  be  made  to  the  weight 
marked  by  the  Spring -balance. 

The  calculation  explained  above  gives  I  In-  pressure 

g  on  the  valve.    However,  it  will  easily  be  nm- 

d,  by  the  manner  in  which  the  spring-balam s 

acts   upon   the  valve,   that,   to  know  the    pressure 

which  really  opposes  the  egress  of  the  steam,  it  is 

not  sufficient  to  read   the  degree  where  the  index 

stops,  and  to  calculate  the  effect  produced  at  the  end 

of  the  lever,  as  we  have  done  above.     In  fact,  first, 

besides   the  weight   represented   by   the  spring,   and 

which  would  be  suspended  at  the  end  of  the  levci ,  ii 

is  clear  that  the  weight  of  the  lever  itself  causes  a 

an  degree  of  pressure;  for  before  the  -team  is 

ebb   to  act   on  the  spring,   it    must   raise  the  whole 

lit  of  the  lever.    The  same  takes  place  in  n     <i.l 
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to  the  tlixk  of  the  valve,  which  must  !>c  mined  bciorc 
the  steam  run  have  any   action   on    (In-   balance 
•_•    Whan  any  object  is  weighed  with   the  hand,  that 
suspended  at  the  lower  part  <>!  the  balance, 
hut  than  tin  ,[i|x>rt*  the  tipper  part,  that  is  to 

my,  the  rod.  with  the  sprinjr  to  which  it  is  fastened; 
md   that    effort   is  not   taken  into  aeeonnt,  heeau.se 

,i  doei  not  maka  a  part  of  the  weight     Ben 

il„  contrary,  the  rod.  the  screw,  and  the  spring,  arc 
nn  additional  weight  really  suspended  at  the  end  of 
the  lever,  over  and  above  the  pressure  marked  by 
the  spring  .  they  must  all  be  raised  before  the  spring 
ran  Ik-  pre-sr.l  upon  in  any  way,  ami  can  register 
any  effort  ;  they  must  therefore  l>c  taken  into  Be- 
lt. The  true  pressure  which  lakes  place  on  the 
valve  "ill  consequently  not  he  known,  until  are 
.,,1,1,(1  to  the  weight  marked  in  the  balance:  1.  The 
•  d  by  the  weight  of  the  lever  at  the 
plaee  of  the  valve  ,  L'  The  pressure  produced  at  the 
,  ml  ol  the  lever  by  the  weight  oi  the  rod  and  spring 
Of  the  balance. 

To  nn.  once  these  two  additional  roist- 

rocefi  tin-  following  mei vj   be  used.    First 

I en   completely   the  screw  of  the  lialanee,  till  the 

■  no  long!  i   pulls  on  the  lever,  and  till  tin   reive 
bears  no  other  weight   than  that  of  the  lever  i: 
and  it-  ile|x-inli  ratus.     Then  OMl  a  string 

round   the  plwol    A    which   r<->ts  on   the   valve,    Bttd 
_•    attached    the  extremities  of  this  strint;    to 
fflOtlu'l     sprinc  '<  raise    the    whole    with    the 
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!,  by  means  of  this  second  balance,  till  yoi 
the  index  of  the  balance  of  tlie  engine  stop  at  , 
of  weight  The  additional  weight  sought  will  be 
indicated  on  the  balance  borne  in  the  hand.  It  is  in 
fact  clear  that,  by  this  proceeding,  all  the  additional 
Weight  on  the  valve  is  hold  in  cquilibrio,  ami  that  if 
the  valve  could  be  maintained  in  this  state  while  at 
work,  every  pound  of  pressure  in  the  boiler  would 

immediately  mark  one  pound  of  pressure  on  the 
nee,  since  there  would  no  longer  be  any  addi- 
tional weight  to  raise. 

By  this  means,  then,  may  Ik*  known  the  addition 
thai  ought  to  be  made  to  the  pressure  indicated  by 
the  balance.  It  is  found  that,  when  the  livers  are 
30  inches  in  total  length,  of  a  usual  thickness  and 
with  the  balance  commonly  adapted  to  them,  they 
produce  on  the  valves  an  additional  pressure  of  7  to 
s  lbs.  per  square  inch,  and  when  they  are  15  im 
in  total  length  with  their  corresponding  apparatus, 
the  additional  pressure  still  amounts  to  3  or  4  ll>- 
iqtiare  inch.  This  therefore  is  obviously  a  cor- 
rection not  to  be  neglected,  if  in  the  calculation  a 
certain  degree  of  accuracy  be  required. 

Finally,  there  is  another  cause  of  error  which  it  is 
proper  to  note  here. 

In  order   that  the  valves    may  exactly  Hose  the 

opening  to  which  they  arc  applied,  without  being 

subject  to  contract  an  adhesion  with  the  seat  that 

nipports  them,  it  is  in  ccssary  to  make  them  slight  k 

<  al,  or  al   I  osl  with  a  slanting  border,  as  repre- 
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sented  in  tii^s.  20  und  22.  When  these  valves  rest 
Upon  and  completely  fill  their  seat,  it  is  very  clear 
that  the  steam  can  only  act  upon  their  inferior  sur- 
face ;  consequently,  the  area  which  we  have  ex- 
pressed alwne  l>\  a,  must  be  taken  •il'ler  tlie  inUa-n- 
diameter  of  the  valve.  Tn  0©  pert'cctly  exact,  lln- 
area  ought  even  to  be  taken  from  the  diameter  of  tlie 
Orifice  covered  by  the  valve,  for  the  latter  might  be 
constructed  in  the  form  of  fig.  21,  where  it  is  seen 
that  the  surface  according  to  which  the  pressure  is 
to  be  divided,  is  not  ub  but  cd.  Taking  then  the 
proper  measurements,  and  calculating  as  we  have 
done  above,  the  exact  pressure  will  Ik-  found  for 
every  case  in  which  the  valve  rested  upon  the  scat, 
or,  if  raised,  was  raised  only  for  an  instant,  and 
in  a  very  small  degree;  but  whenever  the  steam, 
g  generated  in  greater  quantity  than  it  is  ex- 
ponded  by  the  cylinders,  BBOBpOl  with  force  through 
the  valve,  it  raises  considerably  the  disk  of  the 
valve:  the  consequence  then  is,  that,  instead  of 
g  merely  on  the  inferior  surface  of  the  valve, 
it  evidently  acts  on  a  greater  surface,  and  which 
is  still  greater  tlie  more  the  valve  is  raised. 

The  effect  of  this  alteration  in  the  diameter  ol 
the  valve,  which  at  first  sight  appears  trifling,  is 
in  fact  very  considerable.  Ix't  us  suppose,  for  in- 
stance,  that  we  have  a  valve  of  250  inches  in  dia- 
meter at  the  bottom,  and  8  inches  at  the  top.      Let 

o   i'  rthu    nppoae  that,  by  the  effect  of  the  blowing 
of  the  itean    the   iralve   has  been  raised  so  as  to 


"I       I'HK     I'KKSSUM. 


91 


have  increased  its  real  diameter  only  by  one-eighth 
of  an  inch  ;  the  surface  of  the  valve,  which  \\;i-  el 
first 

4"91  square  inches, 
baa  become 

5*41  square  inches. 
Consequently,  it   we  suppose  the  total  weight  sup- 
ported by  the  valve  to  be  245  tbs.,  that  weight, 
when   the   valve  i-   shut,  will  represent  a  pressure 
per  square  inch  of 

245 

5^r  =  w  ibs  s 

and  when  the  valve  is  raised,  that  same  weight  will 
only  represent  a  pressure  of 
245 


5-41 


=  45-27  lbs. 


The  above  established  calculation,  then,  is  to  be 

depended  on  only,  when  the  balance-flcrew  can  be 
lowered  so  as  precisely  to  equilibrate  the  interior 
pressure,  as  has  been  said  above,  without,  however, 
allowing  the  valve  to  rise.  But  the  tiling  is  not 
possible  when  the  engine  produces  a  surplus  of 
steam  beyond  what  its  cylinders  e;m  expend,  be- 
cause this  steam  must  necessarilv  have  an  issue. 
In  tliis  case,  then,  the  pressure  is  to  l>e  found  only 
by  recurring  afterwards  to  the  barometer-gauge,  as 
we  shall  presently  indicate. 


or  Tim  irnri  i  specially  destined  to 
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|     <  \f  the  Barometer-gauge,  or  Syphon- 
manometer. 

The   otloul  just    proposed   can   only    bo  es- 

l,,il    h\    measuring  and  wei  divan  part* 

„l  i  .•    which    requires   time  and  care,  and 

ran  bt  lAoted  only  when  tin-  machine  has  ceased 
^rcat  utility  then  is  obvious  of  an 
iiiitiiini'iii  which,  at  ones  and  by  the  mere  inspec- 
■hall  give  the  exact  measure  of  the  pressure  of 
the  itMin.  With  the  aid  of  such  an  instrument,  no 
,.,,,•,  not  even  that  of  the  raised  valve,  opposes  the 
BQlllnri  difficulty,  nor  needs  any  calculation. 

I  instrument!  have  been  imagined'  for  this 
pttrpOM,  The  syphon-manometer,  which  we  shall 
Iret,  is  represented  in  fig.  18.  This  instru- 
I  is  not  portative,  (at  which  reason  those  we 
shall  describe  in  the  following  sections,  and  which, 
moreover,  arc  much  less  expensive,  will  of  course 
Im  preferred  to  it  for  the  dm  of  locomotives.    How- 

.  ns  the  manometer  is  the  most  accurate  loi 
the  engine  at  rest,  and  as  it  may  also  serve  tor 
the  graduation  and   verification   of  the   others 

(motion  tbaD  be  shown  hen 

The  instniiaeiii  on  the  same  priit- 
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ciple  as  the  common  barometer.    Ilfrm  is  a  tulw 

containing  mercury,  which  ought  not  to  rise  above 
the  two  pomtfi  M  and  m.  PG  is  a  water  reservoir, 
the  use  of  which  is  to  keep  the  branch  M6  con- 
stantly full  of  water,  in  proportion  H  the  mercury 

-nds  in  that  branch.  Its  diameter  is  purposely 
much  greater  than  that  of  the  tube,  in  order  that 
the  upper  level  of  the  reservoir  be  not  sensihly 
lowered  by  reason  of  the  water  which  it  supplies  to 
the  tube.  That  level  OOght  not  to  rise  above  the 
cock  E,  the  use  of  which  is  to  get  rid  of  the  surplus 
Of  water  that  may  have  been  produced  by  condensa- 
tion on  some  former  experiment.     R  is  an  opening 

d  by  a  cock,  and  through  which  mercury  or 

r  may,  when  wanted,  be  introduced  into  the 
instrument     Lastly,  C  is  a  tap  on  which  a  tube 

i-rewed,  the  other  end  of  which  reaches  the 
boiler  of  the  engine.  This  tube  is  flexible,  ami 
usually  made  of  tin  \  it  forms  the  communication  of 
the  mercurial-gauge  with  the  engine.  At  the  point 
where  it  reaches  the  engine,  it  is  screwed  on  a  tap 
fixed  to  the  boiler,  and  kept  close  by  a  cock. 

To  prepare  the  instrument  for  use,  an  additional 
quantity  of  mercury  is  poured  into  it  by  the  aperture 
H,  in  order  to  be  sure  that  the  instrument  contains 
mercury  at  least  to  the  height  Mm.  After  this,  the 
screw-bolt  M  is  unscrewed,  so  that  if  there  happen 
to  Ik-  too  much  mercury  it  may  run  off,  When 
this  is  done  the  screw-bolt  is  replaced,  and  an  addi- 
tional quantity  of  water  il     In  pound  through  R 
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into  the  reservoir  FG,  and,  should  than  lie  loo 
much,  it  is  also  allowed  to  run  off  through  the  cock 
E.  Then  the  instrument  is  put  in  communication 
with  the  boiler.  The  steam,  arriving  through  the 
tube  C  in  the  upper  part  of  the  reservoir  PG,  presses 
DO  the  inter  by  virtue  of  its  elastic  force;  it  con- 
sequently presses  the  mercury  down  in  the  braneh 
Mb,  and  makes  it  rise  in  the  branch  mb  which  is 
open  at  the  top,  until  the  weight  of  the  mercury, 
thus  raised,  is  equal  to  the  pressure  of  the  steam 
issuing  from  the  boiler.  A  metal  float  borne 
the  surface  of  the  mercury,  at  the  i>oiut  m,  rises 
in  proportion  as  that  surface  rises  in  the  tube ; 
and  an  iadn  suspended  to  1  thread  which  passes 
over  a  communication-pulley  p,  falls  between  the 
two  tubes  as  the  mercury  rises  in  the  branch  bin, 
and  shows  upon  a  graduated  wale  the  variations 
that  occur  in  the  level  of  the  mercury  in  the  dif- 
ferent experiments.  Supposing  the  length  of  the 
instrument  from  M  to  b  be  6$  feet,  or  78  inches, 
the  ascending  column  may,  if  necessary,  contain 
156  mi  lies  i>i  mercury;  and  as  a  column  of  l.'>'i 
inches  of  mercury  with  a  basis  of  I  square  inch 
weighs  about  BO  lie.,  nch  a  column  may  serve  to 
measure  an  effective  pressure  amounting  to  80  lbs. 
per  square  inch. 

To  graduate  the  scale  of  the  instrument,  we  may 
begin  by  markimr  first  the  point  zero.  For  this, 
the  merenty  end  the  water  being  |>oured  in,  as  said 
■bore,  the  two  branches  must  be  left  to  commuiii- 
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rate    freely    with    tin    atmosphere,    and    the    point 

where  the  index  stopa  will  be  the  point  sought,  for 

that  is  the  position  which  the  float  naturally  takes 
when  the  branch  M/>  bean  BO  more  than  the  atmo- 
spheric pressure. 

The  other  extreme  point  <>i  the  ncale  must  after- 
wards be  marked.  Let  it  he  the  pressure  we  want 
to  equilibrate;  supposing  the  equilibrium  established, 
let  .r  be  the  height  at  which,  by  virtue  of  that  same 
pressure  r,  the  mercury  will  stand  above  its  natural 
level  in  the  branch  m.  The  mercury  having  risen 
in  the  branch  m  to  the  height  x,  it  must  have  fallen 
by  an  equal  quantity  in  the  other  branch ;  for  the 
meiCUry  added  CO  the  one  side  can  only  proceed 
from  what  has  been  taken  off  on  the  other.  The 
mercury  in  the  branch  M  will  therefore  at  the  same 
tune  be  at  the  point  x ,  and  the  whole  part  of  that 
branch,  from  the  point  x  to  the  point  M,  will  be 
tilled  by  the  water  from  the  reservoir.  If  through 
the  point  x  we  draw  an  horizontal  plane,  the  mer- 
cury winch  is  under  that  plane  will  equilibrate  itself 
in  the  two  branches ;  we  have  therefore  nothing  to 
do  with  it,  and  need  only  consider  the  conditions  of 
equilibrium  for  those  parts  which  are  above  the 
plane  in  the  two  branches.  Now,  we  have  on  the 
one  side  the  pressure  it,  plus  the  weight  of  a  column 
;iter  in  height  \Lr'=i ;  and  on  the  other  Bide, 
we  have  a  column  of  mercury  in  height  2br,  plus  the 
Weight  of  the  atmosphere.  I1  being  the  weight  of 
the  column  of  mercury,  P"  that  of  the  column  of 
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water,  and  p  that  of  the  atmosphere,  we  shall  have, 
since  there  is  an  equilibrium) 

p  +  P=F+  ff|orP=F+  (*-P). 

(ir—p),  whidh  is  the  surplus  of  the  real  presMire  of 
the  steam  over  the  atmospheric  pressure,  is  called 
the  effective  pressure ;  and  in  all  high-pressure 
steam  engines  it  is  this  which  is  to  he  considered. 
The  column  of  mercury,  the  weight  of  which  we 
have  expressed  by  1\  having  for  its  basis  the  basis 
ol  the  tube  which  we  shall  express  by  b,  and  for  its 
height  the  height  2j\  its  volume  will  be  2fo;  8 
represent ing  the  density  of  the  mercury,  '25&r  will 
be  the  mass  of  the  same  column  ;  and  y  v\\ 
the  accelerating  force  of  gravitation,  2gSbx  will  be 
its  weight :  that  is  to  say,  we  shall  have 

P  =  2gUu. 

By  the  same  reason,  S"  being  the  density  of  the 
water,  the  weight  F  of  the  column  of  water  will  be 
expressed  by  yh'bx,  its  basis  being  also  b,  and  its 
height  M/=j-.  But  the  density  of  the  water  being 
expressed  by  1 ,  that  of  the  mercury  is  expressed  by 
L8'568]  thus  we  have 

8 


«•= 


[7568 


and  consequently 


P*= 


y&bx 

lit  585' 


On  the  other  -ide,  the  ettectivi  urc  (it  —  p), 

In  whatever  manner  it  be  expressed,  may  be  replaced 
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weight  of  a  column  of  mercury,  that  would 
produce  the  same  pressure  on  the  basis  b.  If  then 
h  be  the  height  of  that  column,  which  it  is  easy  to 
calculate,  wc  shall  have 

v  —  p  =  gSbh  ; 
and  the  equation  of  equilibrium  will  thus  b 

at.' 


which  gives 


13-568 


=  /iX051913. 


25T86 

The  height  h  of  a  column  of  mercury,  which  run;. 

represent  a  given  pressure,  is  easily  found ;  for  we 

know   that   a    column  of  mercury,   one   inch    high. 

presses  on  its  basis  at  the  rate  of  04948  lb.  per 

re  inch.      The  height  Of  any  Othef  Column  may 

thus    he   pro]x)rtionabIy   calculated.      Wishing,  for 

instance,  to  represent  a  pressure  of  70  lbs.,  we  have 

70 

X  1  =  141-47  inches  , 


A  = 


04948 


so  that,  by  this  value  ol  h,  the  quantity  MXIghl  ■' 
will  be 

x=  141  47  in.  X  051 9 13  =  7344  in.  ; 

that  is  to  say,  that  to  correspond  to  an  effective 
pressure  of  70  lbs.,  the  height  of  the  mercury  must 
be  6  feet  1  £  inches. 

The  same  calculation  is  applicable  to  any  inter- 
mediate point  that  may  he  sought,  but  it  would   lie 


.  ii  \r. .  ii    in. 


iiiiiicix-vs.il y  trouble:  for,  knowing  the  point  cor- 
n's|Min«liiii:  to  zero,  and  that  which  corresponds  to 
the  MMHM  pressure  of  the  instrument,  we  )i 
onl\  tn  divide  the  interval  into  equal  parts,  and  the 
stale  will  he  suitably  graduated,  having  seen  that 
the  general  value  of  x  depends  solely  on  the  cor- 
responding value  of//,  and  is  proportional  to  it. 

Win  ii  ih.  pressure  to  be  measured  is  but  slight, 
as  the  apparatus  used  not  then  l>e  of  very  great 
height,  a  mai  r  on  the  above  principle  may  be 

,  (in  i  he  engine.  Thus  in  the  experiments  on 
the  pressure  caused  by  the  blast-pipe,  which  we  shall 
n't  hereafter,  we  made  use  of  a  small  manometer 
ol  this  kind  constructed  by  Mr.  lv  Woods,  engineer 
to  the  Manchester  and  Liverpool  Railway  Company, 
and  found  it  act  commodiously  and  surely.  It  was 
capable  of  marking  pressures  amounting  to  k  Jos. 
par  square  inch.  But  to  prevent  the  mercury  from 
iven  out  all  at  once  in  the  sudden  changes 
of  pressure,  or  from  making  too  great  oscillations 
during  the  motion,  recourse  had  been  had  to  the 
known  means  of  lessening  the  tube  at  the  junction 
of  the  two  branches  of  the  syphon.  This  disposi- 
tion had  DO  other  inconvenience  than  that  of  slightly 
diminishing  the  sensitiveness  of  the  instrument. 

The  barometer-gauge  which  has  just  been  de- 
scribed is  not  portative,  in  tin  i  i-  at  least,  when 
ii  i-  required  to  immiiti  high  pressures.     It  must 

;m    fixed   to    the   wall    where   it   has  been  once 

set  up,  and  cannot  accompany  the  engines  in  their 
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journey.     If,  the    valve  being  once  regulated,    the 

I  iiLines  preserved  a  constant    pressure  throughout 

II  ir  motion,  this  objection  would  he  unimportant, 
and  the  instrument  alone  would  satisfy  all  the 
wants.  The  valve  being  fixed  at  the  intended 
working  point,  the  corresponding  pressure  would 
he  determined  once  for  all,  and  provided  no  change 
were  made  at  the  spring  of  the  valve,  the  pressure 
of  the  engine  would  be  known  at  every  moment  of 
its  work. 

Hut  this  is  not  the  case.  Nothing  is  more  vari- 
able than  the  pressure  of  the  steam  during  the 
motion  of  the  engines.  When,  for  instance,  the 
valve  has  been  regulated  for  50tbs.  per  square  inch, 
that  is,  so  as  to  begin  to  give  issue  to  the  BtOU 
soon  as  the  pressure  shall  arrive  at  that  point,  we 
are  not  thence  to  conclude  that  the  effective  pres- 
sure will  never,  during  the  motion  of  the  engine, 
be  less  than  50  lbs.,  nor  that  it  will  never  be  greats 
Both  the.se  states  will  occur  without  any  change 
being  made  at  the  valve.  If  the  steam  does  not 
cause  the  valve  to  blow,  the  only  derivable  con- 
clusion is  that  the  effective  pressure  is  under  50  lbs. ; 
but  in  trying  it  then,  either  by  loosening  the  spring 
or  by  the  gauge,  it  will  he  found  varying  every 
moment  according  to  the  activity  of  the  fire,  the 
play  of  the  pump,  the  inclination  of  the  road,  and 
many  other  circumstances  apparently  indifferent : 
at  times  the  pressure  will  be  only  15  or  IHths., 
than  it  will  rise  to  40  or  50  lbs.     On  the  contrary, 
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if  the  •two  b  Been  to  blow  at  the  valve,  all  that 
can  be  affirmed  is  that  the  effective  pressure  is 
above  60 the.  Hut  IN  must  beware  of  believin-,', 
as  at  first  we  might  be  tempted  to  do,  that  because 
the  valve  rises  as  soon  as  the  pressure  reaches 
50  lbs.,  it  from  that  moment  gives  &•■  vent  to 
the  steam,  and  that  therefore  the  pressure  of  the 
latter  can  in  no  case  rise  above  that  j>oint.  Let 
the  engine  in  this  state  be  submitted  to  the  gauge, 
and  it  will  be  seen  that  the  pressure,  instead  of 
being  restricted  to  50  lbs.,  may  lie  60  lbs.,  and  even 
more. 

It  will  in  effect  be  readily  conceived  that  if  a 
great  part  of  the  steam  of  the  boiler  escapes  by 
the  Kitfety. valve,  that  steam  can  issue  forth  as  fast 
as  it  is  generated,  only  by  raising  the  valve  very 
high,  in  order  to  make  tor  itself  a  sufficient  passage. 
Hut  the  valve,  as  it  rises,  presses  more  and  more  on 
the  sprint;.  The  latter  then  opposes  a  resistance  by 
so  much  the  greater ;  and  consequently,  the  steam 
requires  an  elastic  force  by  so  much  the  greater,  as 
it  needs  to  create  for  itself  a  larger  issue.  As, 
moreover,  the  spring  marks  50tt)s.  only  when  the 
valve  bct/int  to  rise,  it  is  plain  that  the  more  its 
g  is  increased,  the  more  the  corrcajionding 
Mire  of  the  steam  will  exceed  50  lbs.  per  square 
inch. 

The  changes   of   pressure    which    we   have  jtnl 

mentioned    take    place    during    the    motion  of  the 

ues,  that  is  to  HTj  ,  v.hile  they  an  led  from 


101 


the  stationary  gauge.    The  latter  then  can  no  longer 
be  used  directly  to  give  the  pressure  of  the  steam  ; 
but,  combining  it  with  the  observation  of  the  safety- 
valve,  a  knowledge  of  the  pressure  may  still  be  at- 
tained.    In  order  to  effect  this,  the  engine  must  first 
be  set  at  work,  varying  the  starting    point  of  the 
valve  as  it  may  appear  necessary  in  the  experiment ; 
but  tWO  things  an  to  be  carefully  noted,  viz.,   the 
point  at  which  the  valve  was  fixed  as  the  starting 
point,    and    its   subsequent    rise   above   that   point. 
The  experiment  being  ended,  the  engine  must  be 
brought  back  to  the  stationary  gauge;  then,  fixing 
the  valve  successively  at  the  different  starting  points 
which  have  been  taken,  and  producing,  moreover, 
by  urging  the  fire,  the  divers  elevations  above  those 
points,  which  have  been  observed  during  the  ex- 
I"  nincut,    the   degrees   of  pressure    to   which    thev 
eorrespond  may  be  written  off'  from  the  barometer- 
gauge.     Thus  will  then  be  formed,  for  each  engine, 
a  register  which  will  render  it  easy  to  pass  from  the 
indications  of  the  valve,  during  the  work,  to  the 
actual  pi.  —  ures  of  the  steam  in  the  engine. 

This  mode,  which  is  very  practicable,  is  that 
which  we  employed  when  we  bail  only  the  valve 
and  the  barometer- gauge  to  measure  the  pressure  of 
the  steam  in  locomotives;  but  the  portable  instru- 
ments, which  we  are  about  to  describe,  render  this 
proceeding  unnecessary,  and  are,  besides,  far  more 

oonvenia 
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BtCT.  II.    Of  the  Air-ijauyp. 

'Flic  :iir  -i^tugc  is  represented  in  fig.  17.  This 
instrument,  long  known,  but  recently  applied  to  the 
use  Of  locomotives,  consists  of  a  tube  sesilctl  at  tin- 
top,  in  which  a  portion  of  air  compressed  indicates 
by  the  more  or  less  (iiminution  of  its  volume,  the 
pressure  exerted  on  it  by  the  steam.  This  tube, 
exhibited  at  / t,  is  terminated  at  the  upper  ptrl  b]  B 
ball  full  of  air,  the  object  of  which  is  to  expose  to 
compression  a  grcatei  volume  of  air,  without  how- 
ever requiring  too  great  a  length  of  tube.  The 
tube,  at  the  lower  end,  is  terminated  by  another 
ball  b,  but  this  is  tilled  with  mercury,  which  rises 
also  to  a  certain  height  .r  in  the  tube. 

Near  the  top  of  the  lower  ball  is  a  capillary 
aperture  o,  through  which  the  steam  can  exercise  a 
pWMure  on  the  mercury.  The  snmllness  of  the 
aperture  prevents  the  mercury  from  being  easily 
•pfll  on  conveying  the  instrument  from  place  to 
place;  but  it  would  be  better  so  to  contrive  as  to 
be  able,  on  occasion,  to  close  it  by  means  ol 
In  order  that  the  lower  ball  may  be  put  in  contact 
with  the  steam,  and  that  the  upper  portion  of  the 
instrument  may  >-ti||  remain  exposed  to  view,  the 
tube  is  fixed  in  a  metallic  case,  divided  into  two 
partments  by  a  horizontal  partition  CC;  and 
the  tube  in  traversing  this  partition,  to  which, 
moreover,  it  is  hermetically  sealed,  has  its  lower 
hall  enclosed  in  the  lower  compartment  of  the  case, 
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:> 1 1<  1  its  upper  part,  on  the  contrary,  in  the  superior 
compartment,  winch  is  Opened  through  it--  whole 
length  by  a  longitudinal  groove  uadd.  The  case 
.  by  meant  of  a  moveable  nut,  to  a  tap  (Hi  the 
boiler,  and,  on  the  turning  of  a  cock,  the  steam 
penetrates  freely,  by  tin.'  aperture  O,  into  the  lower 
compartment  of  the  case.  It  consequently  presses 
be  surfuce  of  the-  mercury  through  the  passage 
o,  and  the  mercury  rises  in  the  tube  till  the  elas- 
ticity of  the  compressed  air,  together  with  the 
weight  o!  th:  im-vury  raised  in  the  tube,  equili- 
tlie  pressure  exerted  by  the  steam.  Divisions 
marked  on  the  edge  of  the  longitudinal  groove  will 
then  indicate  the  corresponding  pressures  of  the 
steam. 

The  action  of  this  instrument  i^  luuaded  on 
Boyle's  or  Mariotte's  principle  already  explained, 
according  to  which  the  volume  occupied  by  the  air, 
under  the  same  temperature,  varies  in  the  inverse 
>  of  the  pressure  which  it  sustains.  It  will 
readily  he  seen,  in  consequence,  how  the  divisions 
of  this  instrument  are  established. 

The  capacity  of  the  upper  hall  of  the  tube  must 
first  be  measured  by  taking  the  weight  of  the  mer- 
cury which  precisely  fills  it.  and  measuring  to  what 
ill  along  the  tube  the  same  weight  of  mercury 
would  extend  ;  then  the  capacity  of  the  ball  may  be 

teed,  in  the  calculation,  by  an  equivalent  h 
o\  the  tube. 

Afterwards,  having  introduced  a  certain  quantity 
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of  mercury  into  llie  lower  bull  and  into  the  tube, 
note  is  to  be  taken  of  the  |H>int  at  which  the  mer- 
cury stops  when  the  instrument  is  exposed  merely 
to  the  air.  This  point  is  evidently  that  which 
corresponds  to  a  pressure  equal  to  the  atmospheric 
pressure,  that  is,  to  a  total  pressure  of  1471  Eng- 
lish pounds  per  square  inch,  or,  in  other  words,  to 
the  weight  of  a  column  of  mercury  30  English 
inches  in  height 

This  pi.:  i  :l,  in  order  to  know  the  point  cor- 
responding to  any  other  pressure  of  the  steam,  let  I' 
Ik-  that  pressure  in  inches  of  mercury,  and  w  the  at- 
mospheric pressure  similarly  expressed  ;  let  Lalso  be 
the  total  length  of  the  tube  from  the  orifice  n  to  I  lu 
top,  including  in  this  measure  the  length  of  tulie 
which  represents  the  capacity  of  the  ball  filled  with 
air,  as  has  been  explained  above.  Finally,  let  h  be 
the  height  of  the  level  of  the  mercury  in  the  lube 
above  the  orifice  o,  when  the  instrument  supports 
no  more  than  the  atmospheric  pressure,  and  II  the 

hi   of  the  same  level,  when  the  instrument   is 
Mibinitteil  to  the  pressure  P. 

It  has  been  said  that  the  spaces  occupied  by  the 
compressed  air  are  in  the  inverse  ratio  of  the  pres- 
sures which  they  sustain.  Now,  when  the  instru- 
ment is  exposed  to  the  atmospheric  pressure  w, 
since  that  pressure  is  then  held  in  equilibrio  l.\ 
the  resistance  of  the  air  contained  in  the  tube, 
phis  the  weight  of  the  column  of  mercury  whose 

lit    is  h,   it   is  plain  that   the  resistance  of  the 
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air,  or  the  pressure  which  it  sustain  |  icsentcd 

by 

■n  -A. 

Similarly,  the  resistance  of  the  compressed  air, 
under  the  external   pressure   P,   is  expressed  by 

P-H. 

finally,  tin-  spaces  respectively  occupied  by  the 
compressed  air,  under  the  external  pressures  w  and 
I',  are  L—  A  and  L—  H.  We  have  therefore  the 
analogy 

L-A        P-H 

L-H~  !r-A  ' 

whence  is  derived 

P=H+(*-A){^j- 

Conse(piently,  it  will  he  easy,  by  means  of  this 
equation,  to  know  the  pressure  which  corresj>ouds 
to  a  fOVCa  division  of  the  instrument  ;  and  after 
rig  thus  determined  a  sufficient  series  of  pres- 
sures, and  inscribed  them  on  a  preparatory  scale, 
then  by  interpolation  may  readily  be  deduced  there- 
from, a  definitive  and  regular  scale,  indicating  the 
elevations    of  the    mercury    for    all    the   pressures 

required. 

The  problem  may  equally  be  resolved  in  a  dim  I 
.  without  any  interpolation  ;   that   is  to  say,  the 
elevation  of  the  mercury  corresponding  to  a  deter- 
mined pressure,  may  be  found  immediately  ;   for  the 
-ame  equation,  resolved  above  with  reference  to  the 
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pressure  I',  may  also  be  resolved  with  reference  to 
H.     It  then  gives 
L+P 


11  = 


'J 


-*  •  (L-P)»  +  4<,r-A)<L-A), 


wliich  SIpNM  tlir  elevation  sought.  It  is  how- 
to  be  observed,  that  this  equation  is  susceptiUe 
of  another  solution,  in  which  the  radical  would  be 
affected  with  the  sign  plus  instead  of  minus.  Hut 
the   second    solution,    though  it  would    satisfy  the 

definitive  equation  of  tin-  calculation,  doee  not  apply 

to  the  question  proposed  ;  for,  in  the  case  of  P  =  ir, 
the  equation  must  give  11  =  h,  and  consequently  the 
radical  must  be  affected  with  the  sign  minus,  as  it  is 
easy  to  verify. 

The  value  of  II  thus  found  makes  known  imme- 
diately the  point  of  the  scale  which  corresponds 
to  a  determined  pressure  P,  but  as  that  value  re- 
quires a  calculation  somewhat  complicate,  the  foi 

method  will  no  doubt  be  preferred  In  practice.    In 

either  eolation,  the  pressure  of  the  steam  is  always 

Based  by  the  height  of  an  equivalent  column  of 

mercury.     Thus  in  the  first  solution,  the  result  once 

obtained  will  have  to  be  converted  into  pounds  pat 

square  inch ;  and  in  the  second  solution,  it  will  be 
requisite  previously  to  convert  the  given  pressures, 
from  their  usual  expression,  into  an  equivalent  one 
in  inches  of  mercury.  But  these  mutations  present 
no  difficulty,  since  it  is  known  that  n  pressure  of 
14  71  lbs,  per  square  inch  is  equivalent  to  a  column 
of  mercury  of  'W  inches  in  height. 
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From  what  has  l>een  said  then,  the*  divisions  of 
the  instrument  may  he  marked  tor  every  point  of 
the  scale  of  pressures.  It  is  however  to  he  observed, 
that  Mariotte's  law,  on  which  the  preceding  calcula- 
tion is  founded,  is  exact  only  so  long  as  the*  air 
retains  the  same  temperature  in  the  different  states 
of  compression.  In  order  that  the  divisions  thus 
marked  should  be  strictly  accurate,  the  upper  part 
of  the  instrument,  that  is,  the  portion  tilled  with 
air,  should  always  remain  at  the  temperature  of  the 
external  air.  This  result  is  obtained  to  a  certain 
degree,  even  when  the  pressure,  and  consequently 
the  temperature  of  the  steam,  become  very  consi- 
derable, k-eaiise  the  upper  jwrt  of  the  e;ise  lies  open 
as  much  as  possible  to  the  contact  of  the  air,  and 
in  the  rapirl  motion  of  a  locomotive,  the  contact 
of  the  external  air  incessantly  renewed,  tends  to 
destroy  all  increase  of  temperature  that  might  be 
transmitted  from  the  steam  to  the  air  compressed  in 

the  tube. 

In  ordinary  cases,  then,  the  above-mentioned 
consideration  may  be  dispensed  with.  It  is  clear 
however  that  this  cause  of  error  may  easily  be 
■voided,  by  adopting  another  proceeding  to  effect 
the  graduation  of  the  instrument.  There  may  be 
attached  first  to  the  tube  a  provisional  scale,  divided 
ly  into  very  small  portions,  and  the  instrument 
thus  prepared  may  be  put  on  a  boiler  in  communi- 
on with  a  tixed  barometer-gauge.  Then  aa  the 
barometer-gauge  shall  be  seen  to  denote  pressures 
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more  and  more  elevated,  the  corresponding  divisions 
d!  the  provisional  scale  of  the  air-gauge  may  be  ob- 
served, and  innonqimntly  then  will  thus  ba  formed 
a  register  from  which  the  definitive  scale  of  the 
instrument  must  afterwards  be  made  out. 

Albeit,  if  this  mode  have  not  been  used  to  effect 
the  primitive  graduation  of  the  instrument,  it  is  thai 
at  least  which  ought  to  be  used  to  verify  that  gradu- 
ation, if  the  certainty  of  its  accuracy  bfl  desired  ;  and 
it  is  what  we  have  always  done  before  employing  the 
air-gauge  in  our  experiments.  Moreover,  it  is  plain 
that  when  the  instrument  is  exposed  to  the  ext< 
air,  the  mercury  ought,  save  the  slight  modification 
that  may  have  occurred  in  the  barometrical  pressure 
of  the  atmosphere,  to  rise  in  the  tube  to  the  point 
marked  for  the  atmospheric  pressure,  that  is  to  say, 
to  the  effective  pressure  zero.  This  is  then  another 
verification  not  to  be  neglected,  when  recourse  is 
not  tn  be  bad  to  the  preceding. 

The  air-gauge  is  portative  and  very  commodious 
It  is  usually  not  more  than  10  inches  long  by  an 
inch  in  thickness,  and  may  be  affixed  with  ease  to 
all  cliques.  But  the  divisions  of  the  scale  must  be 
marked  with  the  greatest  accuracy,  which  presents 
some  difficulty.  The  air  too  contained  in  the  tube 
must  be  thoroughly  free  from  all  humidity,  for  that 
would  become  steam  at  the  moment  of  the  experi- 

i.      In  fine,  a  drop  of  mercury  lot!  In  can 
tin    instrument,  or  a  small  quantity  of  water  iusinu- 
fttad     bj     iiuan-    ot   the  steam,   into  the  tower  ball, 
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may  falsity  the  divisions.  It  is  only  then  on  being 
assured  that  the  instrument  is  put  out  of  band  by  a 
careful  workman,  and  as  far  as  it  may  be  possible, 
on  having  proved  it  by  the  barometer-gauge,  that 
entire  confidence  is  to  be  had  in  its  indications. 


Sect.  III.    Of  the  Thermometer-gauge. 

"he  thermometer-gauge  is  an  instrument  as  simple 
and  as  portative  as  the  preceding ;  it  is  contained  in 
a  case  similar  to  that  of  the  air-gauge,  and  is  simi- 
larly attached  to  the  boiler  by  means  of  a  moveable 
nut.  Thi*  instrument,  represented  figure  19,  is 
merely  a  thermometer,  the  ball  of  which  is  im- 
mersed in  the  boiler,  and  whose  upper  part  rises 
uIkivl-  to  expose  to  view  the  height  to  which  the 
mercury  rises. 

I  establish  this  instrument,  it  evidently  suffices 
to  take  an  ordinary  thermometer  and  to  replace  the 
degrees  of  temperature  by  the  corresponding  degrees 
of  pressure,  in  steam  in  contact  with  the  liquid, 
according  to  the  Table  which  we  have  given  in  the 
preceding  chapter  of  this  work.  In  order  however 
that  the  degrees  thus  marked  should  be  quite  exact, 
it  would  be  necessary  to  protect  the  ball  of  the  ther- 
mometer against  the  compression  which  the  elastic 
force  of  the  steam  tends  to  exercise  on  it,  by  a 
double  casing,  and  that  double  casing  would  destroy 
all  the  sensitiveness  of  the  instrument.  In  I 
pressures,  the  degrees  of  pressure  indicated  by  the 
scale  will  be  found  then  liable  to  a  certain  inaccu- 
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racy,  unless,  besides  replacing  the  temperatureB  bj 
i1  eir  corresponding  preaeuroa,  as  has  just  been  indi- 

I.  the  latter  be  also  corrected  by  taking  account 
of  the  compression  of  the  ball  of  tin-  tube.  In  order 
to  effect  this,  it  will  Mitlicc  to  set  up  tin-  instniment 
on  an  engine  put  in  communication  with  a  Stationary 
baroiuetcr-gau^c,  and  to  observe,  by  the  comparison 
of  the  two  instruments,  what  correction  ought  to  be 
made  in  the  principal  ]>oints  of  the  scale.  In  thi- 
will  be  avoided  the  causes  of  error  that  have 
been  pointed  out,  and  consequently  the  instniment 
l>e  verified  when  any  doubt  is  entertained  of  its 
accuracy.  We  have  invariably  availed  ourselves  of 
it  before  using  the  instrument  in  our  experiments. 

The    thcnnoiueter-gauge    is   both    jnirtative    and 
commodious,    but    it    wants    accuracy    when    the 

pressure  of  the  stBto  nriftra  rapid  changes,  which 

is  constantly  happening  with  locomotive  engines : 
i  hf  time  requisite  for  the  instniment  either  to 
v.. mn  or  to  cool  to  the  temperature  of  the  steam, 
will  not  then  allow  it  to  indicate  the  pressure  cor- 
reotly.  Another  inconvenience  still  more  serious  is 
that,  for  bjgfa  pressures,  which  are  precisely  those 
most  generally  wanted,  the  divisions  are  exceedingly 
small  because  the  corresponding  variations  of  tan 
perature  are  very  trifling.  The  instrument  then  be- 
"  comes  unsure,  and,  in  the  rapid  motion  of  the  en- 
L'ine,  almost  illegible,  unless  its  dimensions,  whi< ih 
are  usually  about  10  inches  in  length,  were  enlarged, 
and  the  instniment  made  less  commodious  on  that 
int. 
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Sect.  IV.    Of  the  Spring-gauge  or  Indicator. 

The  above-mentioned  defects  <il'  each  of  the  pre- 
ceding steam-gauges  induce  us  to  recommend  try- 
ing, lor  locomotives,  tin-  use  of  (he  iiulic/ttnr  of 
Mr.  Watt,  the  construction  of  which  properly  falls 
into  tin-  department  of  engine  manufacturers,  where- 
as the  Other  gauges  require  the  aid  of  the  optician 

This    instrument    is    represented  figure  23.      It 
consists  of  a  small  brass  cylinder,  similar  to  the 
case  of  the  two  preceding  gauges,  and,  like  them, 
fixed    temporarily   to    the   boiler.      Its    lower    | 
contains  a   piston   I',  susceptible  of  md  fall- 

ing in  the  cylinder,  and  admitting  the  steam  to 
act  under  it.  The  area  of  the  piston  ought  to  be 
precisely  one  square  inch.  On  its  uppa  pari  is  a 
rod  /,  which  is  maintained  by  a  rinu;  cc,  in  the 
exact  direction  of  the  axis  of  the  cylinder  Tin 
rorl  acts  against  a  spiral  spring  SS,  similar  to  1 1 
of  the  ordinary  spring-balances,  and  presses  it  with 
more  or  less  force  according  as  the  piston  is  more  or 
let*  raised  by  the  action  of  the  steam.  A  longi- 
tudinal groove  aabb  is  made  on  the  oppM  part  of 
the  instrument,  so  that  an  index  i,  moving  with  the 
head  of  the  spring,  juts  out  from  the  groove,  and 
by  means  of  a  scale  engraved  on  the  edge,  indi- 
cates the  pressure  sustained  by  the  spring,  and  con- 
i.  ntly  the  effective  pressure  of  the  steam  under 
ihi-  pi-ton,  that   is,   in  the  boiler. 

In  order  to  divide  the  instrument,  it  suffices  to 
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withdraw  the  piston  and  ascertain  its  precise  weight. 
It  must  thru  he  put  back  into  its  place,  the  cylinder 
reversed,  ami  the  piston  loaded  at  first  with  a 
weight  of  1  It).,  diminished  by  the  weight  of  the 
piston  itself".  The  point  at  which,  under  this 
weight,  the  index  rests  fa  marked  1  ft.  ;  then  add- 
ing successively  other  weights  of  I  lb..  2  lbs.,  &<•., 
the  res|>ective  points  at  which  the  index  stops  will 
be  marked.  This  oj>eration  once  finished,  it  is 
plain  that  when  the  steam  Shall  have  an  elastic 
force  of  1  ft..  2 lbs.,  &c.  per  square  inch,  it  will 
make  the  index  rise  to  the  corresponding  |K>ints 
ot    the  and    the    precaution    of  having   in- 

cluded the  weight  of  the  piston  in  that  of  the 
first  pound  applied  on  the  spring,  causes  the  weight 
of  that  piston  to  come  naturally  into  account  in  all 
cases  as  it  ought  to  do.  Tims  the  instrument  will 
immediately  the  pressure  per  square  inch  in 
the  boiler. 

The  verification  visibly  reduces  itself  to  measuring 
the  diameter  of  the  cylinder  and  placing  anew  some 
•hts  on  the  piston,  to  ascertain  that  the  divisions 
of  the  scale  are  exact,  that  the  friction  of  the  platan 
has  not  varied,  and  that  the  spring  has  preserved  its 
proper  elasticity.  That  the  piston  may  have  pre- 
cisely a  square  inch  of  surface,  its  diameter  ought 
to  be  1  •  1283  inch,  or  I  inch  £  and  a  fortieth  of  an 
eighth.  The  omission  of  this  latter  fraction,  that 
is,  the  use  of  a  piston  li  inch  in  diameter,  would 
onlv  cause  an  error  of  t£tj  of  a  pound  minus,  which 
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would  make  a  quarter  of  a  pound  on  an  effective 
pressure  of  50  lbs.  per  square  inch. 


Sect.  V.   Comparative  Table  of  the  divers  modes  of 
expressing  the  pressure. 

As  the  pressure  of  the  steam  is  expressed  in  several 
ways,  and  as  in  this  work  we  use  but  one,  we  here 
subjoin  a  Table  of  OOfrwpoodeooO  of  the  divei-s 
modes  of  expressing  it. 

Comparative  Tabte  of  the  different  modes  of  ej^tressing  the 
pressure  of  the  steam. 


Exrcu  of  thai 

fort*  aboxe  the 

atmospheric  pre*- 

To««l 

or  ahtolulr  prcMure  »f  tit*  Itwn 

«nre.  or  pressure 

r-xllril  rffrrlitr 

in  liiKh-pranurc 

engine*. 

in  IM.  per 

in  tto.  per 

la 

bah 

incli 

in  Inches  of 

in  *bt.  per 

tXmtofitrm. 

vi|iiarc. 

dnalor. 

iiiciviirv. 

vijimrr  ini-li. 

1 

14-71 

1 1  -55 

2992 

„ 

15 

99*06 

17  33 

44-88 

7  35 

2 

29  41 

92*10 

5984 

14-71 

25 

36-77 

2888 

7480 

2206 

3 

44  12 

34-65 

89-76 

29-41 

35 

5147 

40-43 

10472 

3677 

4 

«882 

4620 

119-68 

4412 

45 

6618 

51-98 

134  mM 

51-47 

.'. 

73  53 

57-75 

149-60 

5882 

5-8 

8088 

63-53 

164  56 

6618 

6 

88-24 

ti9-30 

17952 

73-53 

6-5 

95-59 

7508 

1H4-48 

80-88 

7 

109*94 

8085 

909*44 

88-24 

7-5 

1  lit  30 

86-53 

224-40 

95-59 

8 

117-65 

9240 

239-36 

102-94 
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<v:c  r.    I.     Of  the  intensity  of  that  resistance  on   thr 


unit  of  surface. 


Tin 


ik  resistance  of  the  air  against  the  waggons 
cannot  be  regarded  as  a  force  to  he  neglected  in 
calculations  relative  to  motion  on  railways;  for  it 
h  wall  known  that  trains,  left  to  themselves,  have 
•ii  limes  been  drugged  to  considerable  distances  by 
the  mere  impulse  of  the  wind,  and  that  engines  in 
lull  i  have  literally  been  brought  to  a  Stand 

si  ill  by  momentary  gusts  of  wind  contrary  to  their 

direction. 

1 1  is  necessary  then  to  take  into  account  the  effects 
Of  the  resistance  of  tin-  air  against  the  trains.  The 
■\  evaluation  however  of  that  resistance  oflfere 
some  difficulty.  liorda's  experiments,'  as  well  as 
those  of  Rouse  and  Edgeworth,3  prove  that  tin 
resistance  of  the  air,   within  the  limits    which   we 

have  to  consider,  increases  in  the  ratio  of  the  square 

of  the  velocity;  and  so  far  they  are  do  isive :  but 


'   M^moirc*  <le  I'AcMlfinic  «le»  Science*.  UB*    I 
1  l"hik»opJuciiJ  Tnmwictx*)*.  1768. 
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0  the  ftbsohlte  value  of  the  resistance  »l  the  air, 
it  cannot  satisfactorily  be  determined  by  these  ex- 
periments, because  OH  lunrer  surfaces  being  put  to 
trial,  there  resulted  resistances  greater  per  unit  of 
ace,  leaving  thus  a  doubt  as  to  the  choice  to  be 
made  between  these  different  results. 

Nevertheless,  till  very  lately,  the  only  mode  of 
estimating  the  resistance  of  the  air  was  by  the 
determinations  of  Borda.  A  work,  but  little  known 
M  yet,  that  of  M.  Thihault,1  has  however  appeared, 
and  furnished  much  more  precise  data  on  the  sub- 
ject. 

Borda 's  experiments  had  been  made  in  a  circular 
motion,  and  Dubuat  *  had  already  thought  that  the 
lilar  anomaly  which  they  presented,  to  wit,  that 
Of  resistances  iDCOBBlblg  in  a  greater  ratio  than  the 
surfaces,  must  proceed  from  the  nature  of  the  cir- 
cular motion  itself.  He  had  in  fact  observed,  that 
a  body  set  in  motion  in  a  fluid  always  draws  a 
portion  of  the  fluid  after  it,  and  that  this  portion 
of  fluid,  attached  to  the  moving  object,  is  inces- 
santly disturlwd  aud  driven  back  by  the  molecules 
of  fluid  which,  after  having  sustained  the  shock  of 
the  moving  surface,  escape  around  its  edges  and 
i  behind  it.  There  will  always  then  be  pro- 
duced  a  partial  vacuum,  or  diminution  of  pressure, 


'  Experiences  *ur  1a  rfwtaan  dc  fair,  par  M.  Thibnult,  lieu- 
tenant dc  Vnwsumi.  Brwt. 

4    FYfaldpei  <ril\(lr;inli'|'ic 


in; 


l  II  SITEH    IV. 


Or,  as  Dubuat  has  termed  it,  a  non-prexsure,  behind 
the  moving  body ;  and  as  the  ck-linitive  resistance 
against  that  body,  is  nothing  cl-e  but  tlie  difference 
of  tlie  piowuiw  exerted  by  the  air  against  the 
front  and  hind  surfaces,  it  follows  that  the  re- 
sistance of  the  air  against  a  moving  body  will  always 
lie  increased,  whenever  the  diminution  of  prc- 
hehind  the  body  shall  become  more  considerable. 
Now  if  we  suppose  a  surface  of  a  given  magnitude, 
set  in  motion  in  I  straight  line,  there  will  be  caused 
behind  it  a  non-pressure,  and  the  resistance  suffered 
by  the  moving  body  will  be  the  difl'erence  between 
the  pressure  of  the  air  in  front  and  the  diminished 
pressure  which  subsists  behind.  If,  after  this,  the 
body  be  submitted  to  a  circular  motion,  it  is  evident 
that  in  proportion  tn  the  greater  curvature  of  the 
UlM  described  by  the  body,  the  air,  after  passing  over 
its  edges,  will  by  so  much  the  more  disturb  the  portion 
Of  fluid  which  follows  it,  and  thus  the  pressure  be- 
hind will  be  diminished;  whence  will  result  a  greater 
resistance  against  the  moving  body.  Again,  if  the 
latter  be  brought  nearer  the  centre  of  motion,  this 
same  effect  will  be  augmented.  Definitively  then, 
tin  lesistance  against  a  given  surface,  in  a  circular 
Ion,  will  become  greater  as  the  surface  is  nearer 
to  the  centre  of  rotation;  and  in  order  that  two 
surfaces  of  different  magnitudes  have  to  contend 
with  an  equal  degree  of  disadvantage, — in  other 
words,  that  the  resistance  of  the  air,  per  unit  of 
surface,  be  the  same  for  each, — those  two  surfaces 
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must  be  placed  at  distances  from  the  axis,  pro|>or- 
ti<mal  to  the  sides  of  the  squares  which  represent 
them. 

This  in  effect  has  been  verified  by  the  experi- 
ments of  M.  ThilKiult,  which  have  demonstrated, 
that  in  a  circular  motion,  the  apparent  augment- 
ation of  the  resistance  of  the  air  against  large 
surfaces,  compared  with  smaller  ones,  arises  merely 
from  the  fact  of  their  not  being  removed  to  a  dis- 
tance from  the  axis,  proportional  to  the  length  of 
their  side  ;  that,  subjected  to  this  condition,  the 
large  surfaces,  as  well  as  the  small,  experience  resi -I  - 
ances  really  proportional  to  their  extent ;  and  that 
when  non-subjected  to  this  condition,  the  greater 
surfaces,  on  the  contrary,  may  have  to  overcome 
resistances,  per  unit  of  surface,  double  those  op- 
posed to  the  surfaces  of  smaller  extent.  It  is  then 
to  be  concluded  from  those  experiments  that  the 
circular  motion  cannot,  with  any  accuracy,  be  used 
in  determining  the  resistance  of  the  air  in  a  dim  i 
motion,  unless  the  surfaces  employed  be  of 
small  extent  compared  to  the  length  of  the  radius 
of  rotation. 

The  experiments  of  the  same  author  confirm, 
moreover,  two  results  already  obtained  by  Dubuat 
with  respect  to  liquids,  and  indicated  by  him  with 
respect  to  fluids.  The  first  of  these  results  is, 
that  the  resistance  against  a  body  moving  in  an 
indefinite  fluid,  at  rest,  is  less  than  the  resistance 
experienced  by  the  same  body  placed  at  rest  in  an 
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indefinite  fluid  moving  against  it,  which  seems  U) 
denote  that  a  fluid  in  motion  separates  itself  km 
easily  than  a  fluid  at  rest.  The  second  is,  that  a 
thin  plate  meets  with  a  greater  resistance  from  the 
air  than  a  prismatic  body  presenting  In  front  the 
same  surface,  and  that  the  resistance  dimim 
according  as  the  prism  is  longer.  This  circum- 
stance is  occasioned  thus  :  the  air  having  glided 
the  edges  of  a  thin  body,  rushes  immediately 
behind  it  with  great  rapidity,  and  carrying  in  it-* 
UOtkin  the  portion  of  fluid,  wliieli  we  have  men- 
tioned  above,  produces  a  relative  vacuum  behind 
the  opposed  surface.  Hut  if  the  moving  hotly  la:  a 
•ilicned  prism,  die  air  in  patting  along  its  sides 
lose*  a  certain  portion  of  its  acquired  velocity,  and 
consequently,  on  reaching  the  hind  face  of  the 
prism,  extends  itself  behind  it  with  a  force  more 
and  more  moderated  ;  whence  results  that  it  pro* 
duces  there  a  partial  vacuum,  or  non-pressure,  less 
considerable  than  in  tli  of  a  simple  surface. 

And  as  we  have  seen  that  the  definitive  resistance 
against  a  moving  body  is  the  difference  between  the 
pressure  of  the  air  in  front  and  the  partial  vacuum 
created  behind,  it  follows  that  longer  bodies  de- 
finitively Mifl<  r  from  the  air  a  less  resistance  than 
bodies  of  inconsiderable  thick i 

Besides,   the  experiments   of  M.  Thibault  have 
confirmed  tho*e  of  Horda,  on  the  proportionality  of 
resistance  of"  the  air   to  the   square  of   the  Te- 
locity, within   the  limits  of  velocity  that   we  ha\e 
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to  consider  in   this  work.     They  have,  niore<> 
demonstrated  that  if  two  square  surfaces  be  placed 
so  that  one  shall  pi.  crecn  the  other,  and  at 

a  distance  apart  equal  to  one  of  I  des,  the 

resistance    against    the    screened    surface  will  be 
"-tenths  of  the  resistance  suffered  by  the  surface  m 
front.     It  consequently  results  that,  when  two  sur- 
faces are  separated  by  a  considerable  v|,;i<x-  rclat: 
to  tl  ut,  the  resistance  of  the  air  against  the 

second  is  to  be  estimated  nearly  as  if  it  were  iso- 
lated in  the  air  J  hut  it,  on  the  conti.u  \ ,  the  tWO 
surfaces  are  very  near  each  other,  relatively  to  their 
extent,  there  is  room  to  think  that  the  screened 
surface  may  be  almost  entirely  protected  against  the 
effect  of  the  air,  since  a  space  equal  to  one  side  of 
the  surface  would  be  requisite  for  the  air  to  exert 
against  it  a  resistance  equal  to  two-thirds  of  the  re- 
sistance against  an  isolated  surface. 

Finally,  uniting  the  results  obtained  by  liorda, 
Dubuat,  and  M.  Thibault,  and  limiting  ourselves  to 
I  Ik  case  of  a  body  moving  in  the  air  at  rest,  which 
is  the  "hl\  one  that  occurs  in  this  work,  we  have. 
ti>  determine  the  resistance  of  the  air,  the  following 
formula-,  in  which  £'  represents  the  front  surface  of 
a  body  traversing  the  air  in  a  direction  perpen- 
dicular to  that  surface,  V  the  velocity  of  the  motion, 
Beieni  reriabk  with  the  length  of  the  body, 

and,  lastly,  Q  the  delinitive  resistance  produced  by 
the  air  against  the  body. 
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Q=ooi  189G « i  v  .    Bentance  of  tin  ur  ax- 

pressed  in  Knirlish  lbs., 
the  surface  2"  l>eing  ex- 
pressed in  square  feet, 
Ufd  tin-  velocity  V  in 
English  bat  per  second. 

And  in  applying  these  formula.'  it  will  be  necessary, 
according  to  the  case,  to  give  to  the  letter  «  the 
following  values : 

for  a  thin  surface «=l  '48 

for  a  cube ess  1*17 

for  a  prism  of  a  Length  equal  to 

three  limes  the  side  of  its 

front  surface -sl'LO 


Skct.  II.    Of  the  resistance  of  the  air  against  the 
vayyons,  isolated  or  united  in  trains. 

From  what  we  have  just  seen,  it  will  be 
i Miniate  the  resistance  of  the  air  against  a  prismatic 
body  in  motion,  when  its  front  surface  and  dimension 
in  length  are  known.  But  as  a  waggon  does  not 
present  a  regular  prismatic  form,  it  becomes  neces- 
sary first  to  consider  bow  we  may  find  what  surface 
it  really  oilers  to  the  shock  of  the  air. 

The  front   surface  of  a  waggon  may  lie  dire 
measured;    il    consists    of  two    distinct    parts,    the 
surface  of  the  load  and  that  of  the  waggon  itsell 
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The  former  of  these  surfaces  necessarily  varies 
according  to  the  nature  of  the  goods  which  form 
the  load ;  and  as  to  the  surface  of  the  waggon, 
properly  so  called,  on  railroads  of  4  feet  8|  inches 
width  of  way,  and  (or  waggons  with  a  single  plat- 
form, it  usually  amounts  to  14  "33  square  feet.  But 
tlu»  is  evidently  not  the  only  surface  against  which 
the  uir  exerts  its  resistance;  for  the  spokes  of  the 

'Is  cannot  turn  rapidly  as  they  do,  during  the 
motion,  without  meeting  with  a  certain  resistance 
from  the  air ;  and  again  the  axle-trees,  axle-hoxes, 
-pi nigs,  and  hind-wheels  of  the  waggon,  are  sepa- 

:l  far  enough  from  the  similar  pieces  which 
precede  them,  not  to  be  considered  as  wholly  pro- 
tected against  the  shock  of  the  air. 

Considering  separately  a  wheel  of  3  feet  in  diameter, 
like  that  of  the  ordinary  waggons,  and  reducing  the 
surface  of  all  its  spokes,  whose  divers  points  have  dif- 
l<  not  velocities  according  to  their  distance  from  the 
centre,  to  the  surface  which,  being  moved  at  the  ve- 
locity of  the  circumference  of  the  wheel,  would  suffer 
from  the  air  an  equivalent  resistance,  each  wheel  is 
found  to  offer  in  this  respect  a  Burface  of  1  '25  square 
feet.  Adding  then  the  direct  surface  offered  by  the 
rim  of  the  wheel  seen  in  front,  as  well  as  by  the  naves, 
axles,  and  springs,  we  arrive  at  this  result,  that  each 
pair  of  wheels  presents  to  the  shock  of  the  air  a 
total  surface  of  7'03  square  feet.  Nov,  if  we  con- 
sider, either  in  an  isolated  waggon  or  in  a  trail 
composed  of  several  waggons,  every  pair  of  wheels 
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I'l  the  first,  we  shall  observe  that  ;i!l  present 
thai  extent  of  surface  to  the  shock  of  the  air;  hut 
as  the  whole  of  that  surface  is  screened,  to  wit.  the 
s|>okes  by  those  which  precede  them  in  the  BOO) 
and  the  wheels,  naves,  and  axles,  by  the  similar 
s  in  the  pair  of  wheels  preceding  them,  we 
shall  approximatively  take  this  circumstance  into 
account  by  assimilating  the  effects  of  the  air  on 
these  successive  pieces,  to  those  observed  by  M. 
Thibault  in  the  case  of  surfaces  screened  by  each 
Other  and  separated  by  an  interval  equal  to  the  side 
of  their  square,  which  is  not  far  from  the  truth  in 
I  In-  MM  under  consideration.  We  shall  then  reduce 
the  above  surface  to  two-thirds,  and  shall  thus  have 
4-69  square  feet,  for  the  direct  surface  opposed  to 
the  shock  of  the  air  during  the  motion  ot  the 
waggons,  by  each  pair  of  wheels  exclusive  of  the 
first. 

Now,  as  to  the  fore-wheels  of  the  first  waggon. 
the  surface  of  projection  of  the  rims,  springs,  &c,  is 
already  reokot»d  in  the  total  front  surface  of  the 
waggon,  but  account  must  also  be  taken  of  the 
rotation  of  the  spokes,  which  for  this  pair  of  wheels 
reduces  the  number  4G9  to  PG7  square  feet.  It 
follows  then  firstly  that,  for  an  isolated  waggon,  the 
addition  to  be  made  to  its  front  surface,  or  rather  to 
its  surface  of  projection  directly  measured,  for  the 
and  hind-wheels,  should  be  6  square  feet.  Fur- 
thermore, for  the  s;nne  case,  as  a  loaded  wag 
presents,  at  a  medium,  a  length  equal  to  once  and  a 
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half  the  square  root  of  its  front  surface,  we  should 
in  the  preceding  formula1  make  <  =  1*15. 

As  to  the  trains  of  several  waggons,  we  at  first 
see  that,  for  the  resistance  of  the  wheels,  in  addition 
must  Ik-  made  to  the  trsu  section  of  the  train, 

of  <J  square  feet  per  intermediary  waggon  and  of  0 
Btpmn  feet  only  for  the  first;  hut  as  the  wag 
composing  the  same  train,  though  very  near  each 
Other,  are  not  however  in  contaet,  it  is  DOOM 
further  to  seek  upon  what  extent  of  surface,  these 
waggons  thus  united  still  sutler  the  resistance  of  tin- 
air  during  their  motion. 

In  order  to  effect  this,  we  operated  in  the  following 
manner : 

On  the  3rd  of  August,    IS'M't,  accompanied  by- 
Mr.  E.  Woods,  engineer  of  the  Liverpool  and  Mau- 
ler Railway,  we  took  live  waggons,  of  different 
heights,    loaded    with   goods,    and    measured    their 
i    surfaces.      These   waggons    were  then   drawn 
to  the  inclined  plane  of  W'histon,  an  exact  section 
Of  which    will    be   given   in   the   following  chaster. 
They  were  then  abandoned,  separately,  to  their  own 
gravity,  and  as  the  inclination  of  the  plane  was  suf- 
ficient   to   decide    their    motion,    they    ran   down  of 
and  having  passed  the  foot  of  the  plane, 

itinued  their  motion  along  another  plans  much 
inclined  than  the  former,  till  they  were  brought 
to  rest  by  the  retarding  forces,  namely,  the  friction 
proper  to  the  waggons  themselves  and  the  resistance 
of  the  air  against  their  surface.     After  the  waggons 
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had  been  submitted  separately  to  this  experiment, 
the)  were  brought  hark  00  tho  inclined  plane  to 
(be  point  fcbm  which  they  had  first  started,  and 
again  abandoned  to  gravity,  but  all  united  in  one 
train. 

As  the  friction  proper  to  the  waggons  had  evi- 
dently not  varied,  it  is  clear  that  if  the  latter 
experiment  gave  a  total  resistance  greater  than  the 
sum  of  the  frictions  of  the  rive  separate  waggO 
augmented  by  the  resistance  of  the  air  against  the 
transverse  section  of  the  train,  the  surplus  must  l>e 
attributed  to  the  indirect  shock  of  the  air  against 
the  successive  surfaces  of  the  intermediary  waggons 
of  the  train  ;  and,  consequently,  a  valuation  of  I 
effect  was  to  be  obtained. 

We  shall  explain,  in  the  following  chapter,  in 
what  manner  the  friction  of  the  waggons  was 
concluded  from  the  circumstances  of  their  motion 
on  the  two  inclined  planes ;  in  this  place  it  will 
suffice  to  relate  the  results  of  six  experiments,  made 
with  a  apodal  view  to  determine  the  resistance  of 
the  air  against  the  intermediary  waggons.  In  the 
following  Table,  which  contains  these  results,  we 
give,  for  the  tirst  five  experiments,  the  weight  of 
each  waggon  and  the  surface  it  opposes  to  the 
shock  of  the  air,  including  the  wheels  and  accessory 
pieces,  as  has  been  indicated  above.*     In 

*  When  these  experiment*  were  published  for  the  tint  time.  »n 
error  hud  •li]i;><  mm  of  the  front  «urfaec  of  the 

frame-work  of  the  WHRpma  .  which  error  i»  corrected  heic. 
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nirnt  VI.,  made  on  the  waggons  united,  the  surface 
carried  into  the  eighth  column  is  tsotusm lively  i  first, 
that  of  the  bigfaeit  waggon  of  the  train,  augmented 
by  the  SUlriace  representing  the  resistance  of  the 
vbeefa  and  the  screened  parts  ;  and,  afterwards,  the 
surface  which  gives,  for  the  live  waggons  together, 
a  friction  equal  to  the  sum  of  the  frictions  of  the 
five  waggons  separate.  The  other  columns  make 
known  the  circumstances  of  the  experiment,  and 
Consequently  determine  tin;  friction  of  the  waggons, 
as  will  he  seen  in  the  following  chapter.  To  cal- 
culate the  resistance  of  the  air,  we  have  taken  in 
the  case  of  the  separate  waggons  e=l'15,  as  has 
been  said  above ;  and  for  the  case  of  the  connected 
waggons,  as  they  formed  a  prism  of  a  length  equal 
even  times  its  width,  we  have  taken,  according 
to  the  observations  of  Dubuat,  «=  I  "07. 

During  these  experiments  the  weather  was  fine,  a 
slight  air  was  perceptible  in  the  contrary  direction 
of  the  motion,  hut  its  action  was  so  weak  that  a 
wind-gauge,  exposed  in  an  open  place,  could  give 
no  appreciable  valuation  of  it. 

As  to  the  mode  of  experiment  here  employed,  we 
must  say,  that  when  the  resistance  of  the  air  against 
the  front  surface  of  the  trains  only  is  considered,  it 
may  appear  that  during  the  descent  of  the  five 
waggons  united,  they  must  have  pressed  strongly 
one  against  the  other,  hecause  the  shock  of  the  air, 
which  was  the  resistance,  exerted  its  effort  against 
!lr   front,  whereas  the  gravity,  which  was  the  mo- 
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live  force,  acted  nearly  is  the  centre  of  the  mass  in 
motion.     Hence,  therefore,  it  night  be  concluded, 
that  this  pressure  of  the  waggon*  one  against 
other  would  throw  them  out  of  square  upon  the 
line,   and   consequently,   in  this   case,   make    their 

ion  appear  greater  than  it  really  was.  But  it 
must  be  observed,  that  in  experiment  VI.  the  wag- 
gon of  greatest  section  was  pot  last  in  the  train, 
and  again,  that  the  resistance  of  the  air  exerted 
itself  against  each  intermediate  waggon,  which  di- 
vided that  resistance  over  the  different  points  of  the 
train,  instead  of  concentrating  it  oo  the  front 
face.  Moreover,  a  pressure  of  the  waggons  one 
again  >ther  may.  in  effect,  throw  them  out  of 

square  when  tliey  are  connected  by  stiff  bars,  be- 
cause the  shortening  of  the  train  then  tends  to  set 
tlmse  bars  across,  and  thus  drive  the  waggons  against 
the  rails  on  either  side.  But  the  waggons  here  em- 
ployed were  not  of  this  kind ;  they  were  joined 
together  merely  by  chains,  and  in  that  state  the 
mutual  contact  took  place  by  the  projecting  ends  of 
the  frame  on  each  side;  consequently,  it  could 
only  tend  to  maintain  them  more  directly  on  fa 
road,   since,    in   such   a  system  of  junction,   the 

M   line  the  train  can  form,  or  that  which  is 

id  bj  tin-  pressure  of  the  hinder  wamrous, 

akad  Una  u  in  the  case  of  the  -ml  bars, 

i  atnughl  and  direct  line  from  one  end  of  the 

train  to  il»-  other  Nom  ..t  these  aoce&sorv  effects 

n  the  experiments  which   we  are 
I  lo  report. 
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same  five  waggons*  deduced  from  the  preceding 
experiments;  and  that  it  is  only  by  adding  3  square 
feet  more  to  the  surface  <ipn*td  to  the  shock  of 
the  air  in  experiment  VI.,  that  we  are  enabled  to 
put  the  result  of  that  experiment  in  harmony  with 
those  of  the  separate  waggons.  We  must  then 
conclude,  that  besides  the  resistance  opposed  by 
the  air  against  the  wheels  and  the  screened  pieces 
of  the  frame-work,  there  was  still  a  surface  of  3 
square  feet  tor  the  four  waggons  which  followed 
the  first,  or  a  surface  of  1  square  foot  per  waggon, 
exposed  to  the  shock  of  the  air  during  the  motion. 
That  is  to  say.  the  air  after  the  passage  of  the 
first  waggon,  rushed  between  that  waggon  and  the 
following  one,  and  notwithstanding  the  small  in- 
terval which  separated  them,  it  still  exerted  on  the 
second  waggon  a  certain  action,  the  iBB—it]  ol 
which  might  be  represented  by  the  shock  of  the 
air  against  1  square  foot  of  direct  surface. 

Consequently,  adding  this  new  surface  to  that 
already  obtained  to  represent  the  motion  of  tin 
wheels  and  accesoory  pieces,  we  see  that  when  a 
train  of  waggons  »  in   motion  on   a  railway,  it  is 
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necessary,  in  order  to  estimate  the  effects  of  tin- 
resistance  of  the  air  against  its  progression,  to  take 
as  resisting  surface  that  of  the  waggon  of  greatest 
Section,  augmented  by  10  square  feet  per  interme- 
diary waggon,  and  by  6  square  feet  for  the  tii-i 
waggon,  including  of  course  in  this  number  tlu 
engine  itself  and  its  tender. 

On  railways  of  about  5  feet  width  of  way,  the 
ii  lace  of  the  highest  waggon  may  at  a  medium  be 
reckoned  at  70  to  74  square  feet ;  we  may  then 
esteem,  in  general,  the  resisting  surface  of  a  train 
of  waggons  at  70  square  feet,  plus  as  many  times 
10  feet  as  there  are  carriages  in  the  train,  including 
the  engine  and  its  tender.  If  the  train  consists 
of  diligences,  as  their  surface  is  from  60  to  G4 
square  feet,  then  in  the  preceding  estimation  the 
number  70  must  be  replaced  by  the  number  60. 

If  the  road  has  a  wider  way,  or  if  the  carriages 
offer  a  surface  different  from  that  we  have  just 
indicated,  the  carriage  of  gnatl  -I  section  must  be 
measured,  and  that  measure  used,  instead  of  the 
number  70  or  the  number  GO  of  the  above  calcu- 
lation. If  the  wheels  of  the  waggon  arc  more  than 
3  feet  in  diameter,  there  will  likewise  be  an  addition 
to  make,  to  take  account  Off  the  greater  surface 
which  they  expose  to  the  shock  of  the  air  during 
the  motion.  This  addition  would  be  about  3  square 
fed  per  waggon,  for  wheels  of  5  feet  in  diameter 
instead  of  3.     Finally,  if  the  interval  between  the 
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waggons,    instiid   of  befog   about   9   font,  as  it  wa8 

in  experiment  VI.,  unci  as  it  is  at  a  median  on 

ordinary  railways,  considering  the  different  kinds 
of  carriages  and  the  inequalities  of  their  loading, 
augmented  hy  any  important  quantity,  there 
might  also  be  some  addition  to  make  for  the  effect 
of  the  air  against  the  loads  of  the  succe^ 
waggons;  but  as  our  determination  in  this  res] 

itething  less  than  1  square  foot  |>er  waggon, 
and  as  the  interval  between  the  waggons  could  Ml 
be  aOgmented  by  any  thing  considerable  without 
being  liable  to  inconveniences  in  practice,  we  deem 
that  I  square  foot  jwr  waggon  may  comprehend 
nearly  all  cases. 

When  the  effeetive  surface  |>rescnted  to  the  shock 
of  the  air  shall  he  known  by  the  preceding  calcula- 
lion.  it  mu-t  be  substituted  for  the  Utter  i*  in  t In- 
form  n  above,  potting  at  the  same  time  for  t, 

it-  value  -iiitalily  to  the  length  of  the  prism  formed 
by  the  train  of  Wggfflw.  According  to  the  vari- 
ation of  t  observed  by  Dubuat  for  prisms  of  rir  | 
proportion^  it  will  he  found  that  in  the  case  of  a 
train  of  •>  waggons,  we  must  make  ess  1*07-,  and 
that  the  case  of  a  train  of  25  waggons  would  require 

t  =  1-04.     In  order  then  not  to  have  to  return 

continually  upon  these  considerations  we  will  take 
as  a  medium  «=  I  05,  which  is  suitable  to  a  train 
of   15   waggons,  and  expressing  at  the  same  time, 

in  tin-  formula  given  above,  the  velocity  in  mthi 
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per  hour,  we  shall  have,  in  fine,  to  express  the 
resistance  of  the  air  against  a  train  oi"  waggons  in 
motion,  the  following  formula  ; 


Q  =  -002687  2  ca  . 


lance  of  the  air,   in 
pounds,  the  i  sur- 

face of  the  train  or  the 
quantity  2  being;  expressed 
in  square  feet,  and  the  ve- 
locity of  the  motion  in 
miles  per  hour. 


III.    Table  of  the  resistance  of  the  air  against 
the  trains. 

To  dispense  with  all  calculation  relative  to  the 
resistance  of  the  air,  Vfl  ban  subjoin  a  Table  show- 
ing  its  intensity,  for  all  velocities  from  5  to  50  miles 
per  hour,  and  for  surfaces  of  from  10  to  100  square 
feet.  Were  it  required  to  perform  the  calculation 
for  |  velocity  not  contained  in  the  Table,  it  would 
evidently  suffice  to  seek  the  resistance  corresponding 
to  half  that  velocity  and  to  multiply  the  resistance 
found  by  4  ;  or,  on  the  contrary,  to  seek  the  re- 
sistance corresponding  to  the  double  of  (lie  i/ivm 
velocity,  and  to  take  a  quarter  of  the  result.  So, 
resistance  of  the  air  against  a  surface  of  MM) 
re  feet,  at  the  velocity  of  50  miles  per  hour,  i* 
equal  to  four  times  the  resistance  of  the  air  against 
the  same  surface,  at   the  velocity  of  25  miles  par 
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hour.  As  to  surfaces  greater  than  100  square  feet. 
tliey  must  be  decomposed  into  surfaces  less  than 
100  feet,  and  then  the  Table  will  still  give  the 
results  required  ;  for  the  resistance  against  a  sur- 
face of  120  square  feet  is  evidently  nothing  DJ 
than  1 1n-  sum  of  the  resistances  against  one  surface 
of  I'M)  square  feet  and  one  of  20  square  feet. 

By  meatus  of  the  Table  in  question  will  Ik-  obtained, 
without  calculation,  the  resistance  of  the  air  expressed 
in  pomub,  for  any  velocity  of  the  moving  body  ;  but 
1 1  ii  to  be  observed,  that  the  Table  supposes  the 
atmosphere  at  perfect  rest.  If  then  there  be  a  wind 
of  noine  intensity,  favourable  to  the  motion  or  con- 
trary to  it,  account  must  lie  taken  thereof.  In  order 
to  effect  this,  it  will  suffice  to  observe  that  if  the  wind 
is  fnvourahle,  the  body  will  move  through  the  air 
only  with  a  velocity  equal  to  the  difference  between 
its  own  absolute  velocity  and  that  of  the  wind  ;  and 
that  if,  on  the  contrary,  the  wind  is  opposed  to  the 
motion,  t In-  effective  velocity  of  the  body  through 
iln  air  will  l>e  equal  to  the  sum  of  its  own  velocity 
augmented  by  that  of  the  wind.  In  this  case,  then, 
III-'  vchx;ity  of  the  wind  must  first  be  measured,  l>\ 
abandoning  a  light  body  to  its  action,  and  noting  the 
time  m  which  it  traverses  a  space  previously  mea- 
sured on  the  ground  ;  or  else  an  anemometer  may 
iincd  for  tin-  pnrpOM.  Then  the  velocity  of  the 
Hind  must  be  subtracted  from  that  of  the  train  in 
ion  or  added  to  it,  according  to  the  case  ;  and 
that  difference  or  that  sum  is  the  velocitv   to   be 
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Bought  in  l he  Table,  or  substituted  in  the  formula, 
to  obtain  the  corresponding  resistance  against  the 
whole  train. 

If  tht"  wind,  instead  of  being  precisely  contrary  or 
favourable  to  the  motion,  should  exert  its  action  in 
an  oblique  direction,  it  would  tend  to  displace  all  the 

ggons  laterally  ;  and  consequently,  from  the  coni- 
form of  the  wheels,  all  those  on  the  farther  side 
from  the  wind  would  turn  on  a  larger  diameter  than 
tbote  on  the  side  towards  the  wind.  The  resistance 
produced  will  therefore  be  the  same  as  that  which 
would  take  place  on  a  curve  on  which  the  effect  of 
tin:  centrifugal  force  were  not  corrected,  and  that 
resistance  would  necessarily  be  very  considerable ; 
but  as  we  have  made  no  experiment  on  this  subject, 
!i;ill  not  dwell  on  it  any  longer  here. 
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CHAPTER  V 


OF  THE  FRICTION'  OF  THE  WAGGONS  ON 
RAILWAYS 

SlCT.  I     Necessity  of  new  inquiries  on  this  subject. 

From  tin-  description  wc  have  given  of  the  engine, 
it  has  heen  seen  that  the  steam,  acting  on  the 
piftons,  communicates  to  the  wheels  a  rotatory 
motion,  which  must  infallibly  propel  the  engine, 
lfled  the  train  which  follows  it  do  not  oppose 
a  resistance  greater  than  the  force  it  commands. 
An  important  inquiry  then,  as  to  the  motion  of 
somotives,  consists  in  determining  the  resistance 
nised  bv  the  trains  which  they  have  to  draw. 
These  trains  are  formed  of  a  number  more  or  less 
considerable  of  carriages  called  waggons,  which  are 
loaded  with  goods.  Their  resistance  to  the  motion 
depends  not  only  on  their  weight,  but  on  the  State 
of  the  railway  and  on  the  more  or  less  perfect  con- 
struction ol  the  carriages.  The  object  in  view  in 
the  making  of  a  railway  being  to  produce  a  road  per- 
h  illy  bard  and  smooth,  on  which  the  carriages  shall 
roll  easily,  if  the  railway  happen  to  be  indifferently 
•ained  or  otherwise  to  deviate  from  the  <on 
ditions  for  which  it   has  been  established,  it   is  plain 
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that  the  iinilMHi  opposed  by  the  train  along  the 
nib  will  be  br  so  much  the  greater.  The  same  will 
occur  if  the  carriages,  from  uVJtUire  construct  ion  or 
want  of  repair,  bare  a  considerable  friction. 

This  onsen  atiun  shows  that  the  force  necessary 
to  more  a  given  weight,  a  ton  for  instance,  may  not 
be  always  the  same,  either  on  all  railways,  or  with 
all  kinds  of  carriage*.  On  rails  perfectly  even,  and 
«ith  waggons  well  ooostnacted  and  well  greased. 
draught  of  a  ton  may  require  a  force  of  but  6  lbs. 
v\  <  mean  that  a  weight  of  6  is.  suspended  by  a 
cord  over  a  pulley,  would  suffice  in  this  case  to 
move,  or  at  least  to  maintain  in  motion,  a  carriage 
weighing  a  ton.  On  another  railway,  on  the  con- 
trary, and  with  carriages  of  a  different  construction, 
the  same  load  of  a  too  may  require  a  much  gn 
lorce. 

The  old  waggons  on  which  some  experiments  bail 
been  made,  were  supposed  to  require  a  force  of 
10  or  12  lbs.  for  each  ton  of  weight  of  the  load. 
The\-  had  afterwards  been  improved,  but  had  not 
been  submitted  to  any  experiment  made  on  a  large 
scale  and  in  the  regular  working  state.  On  the  first 
introduction  of  the  new  waggons,  an  essay  was 
ed  made  on  a  single  one  and  at  the  moment  it 
left  the  workman1!  hands.  But  as  this  waggon  had 
been  carefully  oOed  expressly  for  the  trial ,  as  it  bad 
as  yet  received  no  shock  to  bend  the  axle-trees,  or  to 
throw  the  wheels  out  of  square ;  as  the  wheels  l 
new  and  perfectly  round  ;  as,  in  fine,  the  mila  had 
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been  carefully  swept  for  the  purpose,  tin-  remit 
of  nicfa  :m  experiment  could  hardly  he  considered 
as  a  practical  result.  So,  on  the  Liverpool  Railway, 
the  friction  of  the  trains  was  still  valued  at  10  lbs. 
per  ton. 

These  uncertain  data  could  not  suit  a  new  work, 
or  calculations  made  on  modern  waggons ;  and 
therefore  we  undertook,  in  order  to  determine  the 
flictiOD  Of  Waggons,  the  Series  of  experiments  which 
we  are  about  to  relate. 


Sect.  11.    Of  the  friction  of  wayyons  determined  by 

thfi  dynamometer. 

The  most  natural  means  of  attaining  the  determi- 
n  of  the  friction  or  resistance  of  the  waggons 
seemed  to  be  to  employ  the  dynamometer,  since  it 
gives  immediately  the  force  of  traction  necessary  to 
eft'ect  the  motion;  but,  as  the  action  of  drawing, 
whether  by  men,  or  any  other  animated  mover,  is 
performed  by  pulls,  the  dynamometer  merely  oscil- 
lates between  limits  wide  apart,  and  can  give  no 
certain  result.  It  appeared  to  us,  however,  that  if 
the  traction  were  performed  by  an  engine  whose 
Strain  is  always  equal,  and  whose  motion  too  is 
regulated  by  the  mass  of  the  train  itself,  the 
dynamomclei  would,  perhaps,  have  but  slight  os- 
cillations, and  that  the  pulsations  of  the  engine 
would  Ik-  insensible,  especially  on  the  hinder  caj 
riagee. 
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The  variation  of  the  needle  between  90  lbs.  and 
1  70  lbs.  gave  the  medium  of  1 10 lbs.,  and  the  time 
waggons   Neighed    together  14-27   tons;    thus   the 

experiment  gave  l...1Ja'  or  770  lbs.  of  resistance  per 

ton.     But,  as  this  mean  was  much  too  uncertain,  it 
aj>|>eared  necessary  to  recur  to    another    mode    of 

experiment 

In  consequence,  a  convenient  spot  licing  chosen 
OH  the  Liverpool  and  Manchester  Railway,  near  the 
foot  of  the  Sutton  inclined  plane,  at  the  distance  of 
11$  miles  from  Liverpool,  the  level  of  it  was  taken 
with  strict  accuracy  in  tenths  of  an  inch,  and  the 
leriments  were  begun  on  the  principle  we  are 
about   to  explain. 


SECT,  III.     Of  tie  friction   of  carriages,   determined 
In/  the  rirrumst ances  of  their  spontaneous  descent 
id  stop  upon  two  consecutive  inclined  planes. 

Suppose  a  system  of  two  wheel!  joined  together 
ii  axle-tree  fixed  invariably  to  each    (fig,  31  i. 
and  loaded  with  a  given  weight  resting  at  N,  on  a 
chair  on  which  the  axle-tree  may  turn  freely.      Ixt 
this  system  be  placed  on  an  inclined  plane,  along 
which  it  is  liable  to  roll.     Again,  at  the  loot  of  the 
plane,  let  there  be  another  inclined  plane  con- 
tinuing the  former,  and  on  which  the  rolling  IkkIv 
continue  its  motion.     Finally,  suppose  that  the 


oo  the  contrary,  the  friction  has  but 
little  intensity,  the  body  win  acquire  a  great  ve- 
locity on  the  first  plane,  and  will  prolong  its  course 
considerably  on  the  second.  Comparing,  then,  the 
height  which  the  body  has  descended,  with  the 
distance  it  has  traversed  before  stopping,  it  will  be 
possible  to  recognise  what  intensity  of  friction  it  has 
been  submitted  to  in  its  course 

To  obtain  an  analytical  relation  giving  the  so- 
lution  of  tins   problem,  it  will  l>c  proper  first  to 
■n  oflhe  motion  of  the  body  on  Ibe 
two  planes,  and  therefrom   to  deduce  the  velcxitv 
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ii  will  acquire  in  descending  the  first  plane,  and  the 
distance  it  will  traVCrW  OD  the  second,  in  virtue  of 
that  velocity. 

HeilCO,  the  inquiry  will  comprise  three  successive 
questions:  1st.  To  determine  the  effective  accele- 
rating force  to  which  the  centre  of  gravity  of  the 
BygteiD  will  be  subject  in  its  motion ;  2nd.  To  de- 
duce from  this  the  velocity  acquired  by  the  moving 
body  at  the  foot  of  the  first  plane;  and  3rd.  To 
conclude  finally  the  distance  it  will  have  traversed 
on  the  second  plane  at  the  moment  when  tlic 
friction  shall  have  reduced  its  velocity  to  nothing. 

The  determination  of  the  effective  accelerating 
force  required,  will  be  effected  by  means  of  the 
principle  that  the  motive  forces  applied  and  ef- 
fective must  be  in  equilibrio,  that  is  to  say,  must 
have  their  resultants  equal  and  opposed,  as  well  as 
their  momenta  equal  and  opposite  when  the  effective 
forces  are  taken  in  the  contrary  way  to  their  di- 
iv,  I  ion. 

Now,  the  motive  forces  applied  to  the  system, 
are: 

1st.  The  weight  of  the  body  of  the  waggon 
resting  on  the  chair  of  the  axle-tree,  and  which  we 
will  call  P.  This  force,  acting  vertically,  will  de- 
compose into  two  others :  one,  in  the  direction  of 
the  plane,  will  have  an  immediate  effect,  and  will 
draw  the  body  along  the  plane  ;  the  other,  per- 
pendicular to  the  direction  of  the  plane,  will  pro- 
duce a  pressure  of  the  chair  upon  the  axle  and  of 
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the  rim  of  the  wheel  opoa  tknd.  and  will  conae- 
qwenthr  cause  oo  each  of  these  point*  a  friction,  of 
which  we  aha!  present)?  express  the  effect.  If  we 
call  g  the  angle  of  the  plane  with  the  horixon,  thr 
nret  of  these  two  forces  wiB  be  P  sin.  *,  and  the 
second  P  oo*.  f .  and  the  two  together  may  replace 
the  primitive  force  P. 

2nd.  The  weight  of  the  system  of  the  two  rolling 
wheels,  with  their  axle.  We  will  call  this  force 
p,  and  will  also  replace  it  by  two  others  p  sin.  0' 
and  p  cos.  <?,  the  one  parallel,  the  other  normal  tu 
the  plane. 

3rd.  The  adhesion  of  the  wheel  on  the  rail  at  T. 
This  force  acts  along  the  plane  contrariwise  to  the 

100  of  translation,  it  is  this  force  which  pro- 
daces  the  rotation  of  the  wheel,  by  proven  tine  its 
circumference  from  sliding  without  turning  during 

motion  along  the  plane.     We  will  express 
force  by  the  weight  T.  which  sh.ui  be  equivalent 
to  it. 

Ith.  The  resistance  of  the  air  against  tin-  surface 
of  tli.    lystan  set  in  motion.     Experience  has  de- 
monstrated that  this  force  is   proportional   to  the 
re  of  the  velocity,  and  we  will,  in  consequence, 

r0M   it   by  Qp*,   Q  being  the  weight   which   rc- 
tts  intensity  against  the  known  surfai 
the  moving  mass,  in  the  case  of  c=  I . 

6th.  Thfl  normal  force  Pcos.  6,'  which  has  been 
■hove,  proffoeaj  j»  prtaroro  of  tho  ohiir 

iiikI  the  axle,  and  thus  its  effect  will  Ijc  to  cause 
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a  friction  at  the  point  of  contact  Hut  us  expe- 
rience has  proved  that  the  friction  of  bodies  sliding 
on  each  other  is  a  force  proportional  to  the  pres- 
sure, and  independent  Of  the  velocity  or  the  extent 
of  the  surfaces  in  contact,  we  will  express  the 
friction  in  the  present  instance  by/'  I' cos.  6,'  f 
being  a  constant  quantity;  and  that  force  will  act 
tangentially  to  the  circumference  of  the  axle,  and  in 
the  direction  contrary  tO  the  unit  ion  of  rotation. 

(ith.  Lastly,  the  same  force  P  cos.  d,'  and  more- 
over the  force  p  cos.  8'  produced  by  the  weight  of 
the  wheel,  will  exert  a  pressure  at  the  point  of 
contact  T  of  the  wheel  on  the  rail.  There  will 
result  from  this  pressure  a  friction  at  T ;  hut  as  at 
this  point  the  two  surfaces  in  contact  do  not  elide, 
but  merely  roll  one  upon  the  other,  the  friction 
produced  will  be  of  the  second  spedes.  And,  as  it 
is  known  from  Coulomb's  experiments,  that  the 
intensity  of  this  friction  is  inversely  as  the  diameter 

of  the  wheel,  we  will  express  it  by 

/"(P+/>)C08.  6X±, 

/"  being  a  constant  quantity,  which  is  easily  de- 
duced from  the  direct  experiments  made  on  due 
subject,  with  wheels  of  3  feet  diameter,  or  of  15 
feet  radius.  This  force,  in  fine,  will  act  tangentially 
to  the  circumference  of  the  wheel,  and  contrarily  to 
the  motion. 

Such  are  the  divers  motive  forces  applied  to  the 

stem. 
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On    the  other   band,    if  we   express   by  g   the 

gravity  ;  by  $  the  effective  accelerating  force  w  I 

produces  the  motion  of  translation  of  the  centre  c 

of  the  wheel ;  by  ^  the  effective  accelerating  force 

which  produces  the  rotation  of  a  point  of  the  wheel 

situated  at  the  distance  1   from  the  axle,  and,  in 

p 
fine,  by  -**  the  momentum  inertia;  of  the  wl 
9 


plain  that  the  mass  of  the  body  being 


P+P 


♦, 


the  effective  motive  force  which  produces  the  motion 
of  translation  will  be 

P+H 
9 

and  the  momentum  of  the  effective  motive  force  of 
the  motion  of  rotation,  will  be 

Consequently,  since  the  motive  forces  effective  and 
applied  ought  to  be  in  equilibrio,  as  well  in  virtue 
of  their  direct  intensities,  as  in  virtue  of  their  rao- 
ta  about  the  axis  of  rotation,  we  shall  have, 
expressing  by  R  and  r  the  radii  of  the  wheel  and 
axle,  the  two  following  equations : 


P  sin.  $'+p  sin.  O'-T-Q  c 


-T-O  c'=^t^ 


♦. 


T  R  -/'  P  r  cos.  e'-f  (P+p)  cos.  <?'=  P-  V  *. 
Furthermore,  as  the  velocity  of  the  circumference 
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of  the  wheel  is  equal  to  the  velocity  of  translation  of 
the  centre,  it  follows  that  the  velocity  of  rotation 
of  a  jwint  situated  at  the  distance  1  from  the  axis 
of  the  win'  1  will  be  to  the  velocity  of  translation  in 
the  ratio  of  1  to  R ;  and,  consequently,  the  same 
relation  will  exist  between  the  accelerating  forces,  or 

Substituting  then  this  value  in  the  second  of  the 
two  equations  above,  and  deducing  the  value  of  T, 
TC  obtain,  firstly, 

V=f  P  cos.  *' .  £  +/"  (P+/0  cos.  ff .  \  +P-  .  j~ *• 

Sapponng  the  planes  but  little  inclined,  we  have 
very  approximatively  cos.  0'  s  I,  Besides,  if  we 
make 

/'1>  g  +  /"  <P +  /»)-£=/ (P  +  />), 

the  expression  of  the  quantity  T  will  become 

T=/(P  +  P)  +  |    £*> 

Consequently,  substituting  this  in  the  first  equation, 
we  derive  in  hue  for  the  value  of  £, 


♦  = 


1  + 


7?(ein.*'-/-F+-i"). 


IIs 


As  the  weights  P  and  p  are  known,  us  well  as  the 
force  Q,  which  expresses  the  resistance  of  the  air, 

L 
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at  the  unit  of  vclix-ity  ;  as,  besides,  the  momentum 
inertia-    -  IP  is  determined  «  priori,  and  as  all  these 

quantities  arc  constant,  we  may,  in  order  to  sim- 
plify, make 

Q  _,  J _9 . 


P  +  n 


—  q  and 


1  + 


P  +  p-  TV 

Then  the  accelerating  force  to  which  the  motion  of 
translation  of  the  system  is  subjected,  will  he  de- 
finitively 

$=rf  {tan.  tf—f—qv 
awl  the  motion  of  translation  of  the  moving  body 
may  he  considered  as  produced  in  space,  by  virtue 
of  that  force  alone 

The  foregoing  gives  then  the  solution  of  the  first 
portion  of  the  problem,  namely,  the  determination 
<il  ilc  .in  <  I  crating  force.  It  now  remains  to  deduce 
from  the  knowledge  of  the  accelerating  force,  the 
Velodty  coininunieated  to  the  mass  by  its  descent 
on  the  first  plane,  and  the  distance  to  which  it  will 
Im-  driven  on  the  second  plane  by  virtue  of  that 
velocity.  In  order  to  effect  this,  we  will  first  con- 
sider the  motion  on  the  first  plain 

Let  x  be  the  distance  traversed  on   the  plane, 

i    the  body  has  acquired   the  velocity  v ;    the 

iiity  <t>  being  the  accelerating  force  of  the  mo- 

000,  ami  that  accelerating  force  being  equally  cx- 

v  dv 
pressed  in  general  by  the  expression  —r->  we  ha 


IUKTION     OF    THE     WAOQl 


I  17 


V=^  =  9'dx- 


^g  =g'  (sin.  6'  -/-qv*); 

or  making  for  a  moment,  sin.  9'  —  f=  b\ 
v  dv 

This  will  l>e  then  the  equation  of  the  motion.  In- 
tegrating it,  and  observing  that  the  velocity  is  null 
at  the  point  of  starting,  or  that  x  =  o  gives  v  =  o,  it 
will  be  replaced  by  the  following, 

i' 
2qg'x  =  \0Q.VZ—i; 

or,  expressing  by  e  =  2 7182818,  the  base  of  the 
Neperian  logarithms,  it  will  be 

b' 


e1**'  = 


b'-qv1' 


which  gives 


Tins  relation  then  makes  known  the  velocity  ac- 
quired by  the  body  after  it  has  traversed  the  dis- 
tance x  on  the  first  plane. 

It  will  be  recognised  therein  that  the  greater  x  U, 

the  greater  also  becomes  t< ;  and  for  ,r=<»  we  have 

■*=#  or  <f>  =  o;  that  is  to  say,  the  motion,  as  it 

itinues,  approaches  more  and  more  to  uniformity. 

Hut  it   will   he  remarked  that,  since  the  value  of  i/v* 

be  written  under  the  form 


*rW(l  -pyr> 
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the  motion  will  be  sensibly  uniform  as  soon  an  * 
becomes  large  enough  to  make  the  fraction  of  the 
second  memltcr  inconsiderable  with  reference  to  I  ; 
and  as  x  is  here  an  exponent,  it  is  plain  that  this 
condition  will  quickly  be  fulfilled.  From  this  point, 
then,  we  shall  have 

and  the  motion  will  no  longer  differ  from  unifbl 
but  by  an  inconsiderable  quantity.  This  in  fact,  as 
experience  proves,  does  really  take  place  within  a 
short  time. 
The  j  (receding  inquiry  gives  then  the  velocity  at 
any  point  whatever  of  the  first  plane ;  and  if  we 
call  /'  the  length  of  the  plane,  and  V  the  velocity  of 
the  body  the  moment  it  arrives  at  the  bottom  of  the 
plane,  we  see  from  the  equation  just  obtained,  that 
this  velocity  will  be 

which  solves  the  second  part  of  the  problem 

Now  that  we  have  the  velocity  of  the  moving  Ixxly 
at  the  foot  of  the  first  plane,  and  consequently  at  the 
begiuning  of  the  second,  since  they  are  supposed  to 
be  united  by  a  continued  curve,  the  question  is  to 
determine  at  what  point  of  the  second  plane  the 
body  will  stop,  which  will  lead  us  to  the  definitive 
solution  of  the  problem. 
To  this  effect  mnal  be  considered  the  motion  of 

the  I  tody  on  the  second  plane.      ( '.illiiiL'  0  '  the  angle 
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it  forms  with  the  horizon,  as  all  the  circamBtanoee 
i)f  the  motion  remain  the  same  as  before,  except 
only  that  the  inclination  of  the  plane  is  less,  we 
shall  have  hy  analogy 

And  as  we  have  supposed  that  on  the  second  plane 
gravity  is  less  than  friction,  that  is  to  say,  we  have 
sin.  $"</,  we  will  here  make 

sin.  0"  -f=-b". 

Then  the  accelerating,  or  rather  retarding  force, 

since  it  is  negative,  of  this  second  motion,  will  he 
expressed  by 

Integrating  this  equation  then,  and  observing  that  at 
the  beginning  of  the  plane  the  velocity  is  V,  or,  in 
other  words,  that  x  =  o  gives  c  =  V,  it  will  he  re- 
placed by  the  following,  which  is  suitable  to  every 
|K>int  of  the  motion, 

Consequently,  if  /"  stand  for  the  distance  traversed 
by  the  body  on  the  second  plane,  at  the  moment 
when  its  velocity  becomes  null,  this  equation  will 
still  subsist  if  we  make  in  it  at  once 

x  =  /",     V  =  o. 

Thus  it  will  become 


i:,o 


or 
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.'«"-=  i  + 


and  putting  for  f/V  its  value  concluded  from   the 
motion  on  the  first  plane,  this  equation  will  become 


l"  —  ew  _  1 


,t«r** 


Finally,  if  instead  of  g,  ti  and  b",  their  values  be 
restored,  and  if,  moreover,  h'  stand  for  Ilie  vertical 
height  which  the  body  has  descended  on  the  first 
plane,  and  h"  the  vertical  height  which  it  has  de- 
scended on  the  second,  which  gives 

sin.  0  =  -y  and  sin.  d  =  -an 

the  relation  just  obtained  above  will  become 

iff" 


h'-fl'         (      e-1   -  1 

/r-V  ~  r  '    5f 

e""  —  1 


This  is  the  definitive  relation  between  the  co-ordi- 
nates of  the  [mints  of  departure  and  arrival  of  the 
moving  body,  the  various  data  of  the  problem  ami 
the  friction  sought. 

When   in   this    equation    we    sup|K>se    9=0,    the 

second    iiiciiiIht    reduces    itself   at    first    to    -,   but 

0 

making 
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il  changes  to 


r    f- 1 


and  dividing  by  y—  I ,  it  becomes 


_    y'    '  +  y'    '  +  y 


.<"-' 


+  '/'-'  +  !/'' 


i'-j 


+  1 


wbicb  for  7=0  or  y=  1 ,  reduces  itself  to  j,  Xj  =  1 . 

Wherefore  in  this  case,  that  is  to  say  if  the  motion 
took  place  in  a  vacuum,  the  above  relation  would 
become 

h'-ft  _,  A'+A" 

tfj.it1      ^'  whence /=  ^  ■  ^  ' 

Consequently,  we  should  then  have  the  friction  re- 
quired, by  dividing  the  sum  of  the  vertical  heights 
which  the  body  has  descended,  by  the  sum  of  the 
spaces  it  has  traversed ;  and  it  will  be  remarked 
that  in  this  case,  since  there  would  be  no  resistance 
of  the  air,  the  motion  of  the  body  on  the  first  plane 
could  never  attain  uniformity. 

We  have  seen  what  the  general  relation  become*;, 
on  supposing  q=o  ;  if  moreover  we  make/=o,  that 
relation  reduces  itself  to 

A'  +  A"  =  o     orA"=-A'. 

Consequently  were  there  neither  friction  nor  re- 
DStanoe  of  the  air,  the  moving  body  would  rise 
on  the  second  plane,  supposing  it  inclined  contrari- 
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wise  to  the  first,  to  a  height  equal    to    that    i 
which  it  has  descended  ;  ami  we  quote  these  results 
because,  being  easily  deduced  from  the  direct   ex- 
amination of  each  supposition,  they  serve  here  to 
verity  the  calculation. 

To  return  to  the  general  formula,  making  in  it 

*      -S?i  l       lx>' 


'       e»>    -    1 

we  perceive  that  it  may  be  written  under  the  form 

whence  is  derived  for  the  value  of  the  friction/, 

A'+A"Y 

f-r+rr ' 

ThW,  when,  after  having  submitted  a  body  of  a  ile~ 
lined  weight,,  to  the  above  experiment,  on  two 
planes  of  known  inrlination,  the  quantities  h'  I  It" 
ind  V  shall  have  been  found,  it  will  suffice  to  cal- 
culate the  corre8{M>nding  value  of  Y,  and  introducing 
it  with  the  other  data  in  the  expression  of/,  we  may 
deduce  the  value  of  this  latter  quantity,  which  will 
be  the  friction  BOUght 

This  method  has  the  advantage  of  not  depending 
on  the  execution  more  or  less  imperfect  of  an  in- 
strument, and  of  being  applicable  to  considerable 
ii. mi.  ni  u  we  shall  presentl]  applj  it. 
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Sect.  IV.   Experiments  on  the  friction  of  waggons. 

According  to  this  principle,  experiments  were 
undertaken  on  one  of  the  inclined  planes  of  the 
Liverpool  and  Manchester  Railway  in  the  following 
manner. 

From  a  point  taken  on  the  Sutton  inclined  plain-, 
at  ">0  chains  or  3300  feet  from  the-  base  of  that 
plane,  were  measured  34  distances  of  10  chains  or 
330  feet  each.  At  each  of  these  points  was  set 
up  a  staff  numbered,  and  its  level  accurately  taken. 
The  following  are  the  admeasurements  of  the  level- 
ling, expressed  in  feet  and  decimals  of  feet. 

The  staves  have  since  been  replaced  by  perma- 
nent posts,  which  arc  distinguished,  by  red  marks, 
from  those  which  serve  to  indicate  the  miles  of  the 
road. 
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Total  diiUnco 

Number*  of 

'ruin  the  lit 

Total  fall  Mo»  ll,c  t.t  poM,  In  feet 

ill.-  f 

|H»l.    Ill    ll'i'l. 

ami  dot  ii. ia:    nl  fret. 

feet. 

fret.     Point  of  starting. 

0 

0 

0 

1 

330 

347 

2 

660 

707 

3 

990 

10-62 

4 

13".>0 

1436 

5 

1650 

1817 

<■ 

1980 

2177 

7 

2310 

U'U 

8 

2640 

28-98 

9 

2970 

3207  f  Foot  of  tli- 

10 

3300 

34-61 <  jilnne.  nr  rather  mid- 

11 

3630 

35-06  [dk  at  the  curve. 

12 

.:  I6Q 

85*19 

13 

4290 

35-23 

14 

4620 

3537 

15 

4950 

3571 

16 

5280 

3617 

17 

5610 

3644 

18 

5940 

36-66 

19 

6270 

3680 

JO 

6600 

36-92 

.'I 

i>!»:io 

87-06 

99 

7260 

3714 

23 

7590 

3722 

24 

TUl'D 

3737 

25 

8250 

8734 

26 

8580 

3763 

27 

8910 

37  92 

SB 

9240 

88- 14 

99 

9570 

38-35 

3U 

9900 

38-54 

31 

10230 

38-67 

32 

10560 

38/7 

38 

10890 

38-92 

34 

11220 

3908 

On   the 

ground  where  these  experiments  wer 

e 

made,  a  lit) 

le  beyond  the  foot  of  the  inclined  plane, 
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llie  waggons  had  to  cross  three  junction  roads,  each 
of  which  required  the  passing  over  three  switches. 
This  made  in  all  nine  switches,  either  on  one  side 
of  the  rails  or  on  the  other.  On  passing  over  each 
of  these  obstacles,  the  waggons  received  a  jolt  from 
the  uncvenness  of  the  road,  and  must  have  been 
retarded  in  their  progress.  The  ground,  therefore, 
is  not  favourahle  to  the  experiments,  and  tends  to 
include  in  the  friction  the  inevitable  imperfect  urn - 
of  the  road. 

The  waggons  employed  in  the  experiments  are 
of  the  following  construction.  They  consist  of  a 
single  platform  supported  on  four  springs ;  the 
wheels  are  3  feet  in  diameter,  and  are  fixed  to  the 
axle-tree,  which  turns  with  them ;  the  body  of  the 
carriage  rests  upon  the  axle-trees,  but  outside  of 
the  wheels ;  that  is  to  say,  that  the  axles  are  pro- 
longed through  the  nave  in  order  to  support  the 
carriage.  At  the  bearing  they  are  turned  down  to 
1}  inches  in  diameter.  By  this  disposition  the 
body  of  the  axle-tree  preserves  its  usual  strength  to 
resist  the  shocks  received  by  the  wheels  in  the 
motion,  and  the  bearing  may  at  the  same  time  be 
reduced  to  the  slender  diameter  of  1  J  inches,  be- 
cause that  part  has  nothing  but  the  body  of  the 
waggon  to  sustain.  The  chair  is  armed  with  a 
piece  of  copper  at  its  rubbing  point  on  the  axle, 
and  the  grease,  placed  in  a  small  cast-iron  box 
above  the  axle,  runs  on  it  slowly,  but  without  in- 
terruption, daring  the  whole  Of  the  motion.     Thi- 
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grease-box,  filled  every  morning,  is  sufficient  for  the 
need  of  the  whole  day.  In  the-  escpeiiountt  DO 
alteration  whatever  was  made  in  these  dispositions, 
y  thing  bfling  left  the  same  as  it  is  in  the  daily 
work,  both  with  regard  to  the  waggons  and  to  the 
nib.  Among  the  waggons  than  are  some,  the 
axle-bearings  of  which,  instead  of  being  from  one 
end  to  the  other  of  a  uniform  diameter  of  1 } 
inches,  are  thickened  near  the  frame  of  the  carriage 
by  |  inch,  and  are,  on  the  contrary,  diminished  as 
much  at  the  other  end.  The  axle-bearing  thus 
consists  of  three  cylindrical  parts  equal  in  length, 
and  the  diameters  of  which  arc  2$,  If,  and  IjJ 
inches. 

The  object  of  this  disposition  is  to  leave  the 
mean  diameter  of  the  axle-bearing  the  same  as 
before,  but  to  transfer,  however,  the  greatest  lone 
to  the  point  which  seems  to  suffer  the  most.  These 
nxles,  few  in  number,  are  but  an  essay  of  which 
cxj>crience  has  not  yet  confirmed  the  advantage. 

As  all  the  experiments  we  are  about  to  report 
have  been  DMde  hi  a  manner  perfectly  similar,  we 
shall  give  the  details  merely  of  one  of  them,  and 
shall  afterwards  collect  in  a  Table  the  results  which 
all  have  produced,  with  the  elements  of  the  calcu- 
lation for  each  of  them. 

On  the  1st  of  August,  1834,  24  loaded  waggons 
taken  indiscriminately,  were  conveyed  to  the  ground 
of  the  experiments  by  the  engine  Atlas.  The  weight 
of  the  24  waggons,  taken  accurately  with  their  load, 
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■mounted  to  10450  Ions,  and  that  of  the  tender- 
carriage  of  tin-  engine,  which  remained  attached  to 
the  waggons,  was  5-50  tons,  forming  altogether  an 
assemblage  <>i  '!■)  carriages,  weighing  110  tons. 

The  middle  carriage  of  the  train  being  placed  00 
the  plane  precisely  opposite  the  starting  point  or 
post  No.  0,  and  the  engine  being  removed  pre- 
viously, the  brakes  were  taken  oft*  at  once  at  a 
signal  given,  and  the  25  waggons  committed  to 
gravity  on  the  plane.  They  continued  their  motion 
to  108  feet  beyond  the  post  No.  32,  having  thus 
traversed  on  the  first  plane  a  distance  of  3300  feet 
with  a  vertical  fall  of  3-t'fil  feet,  and  on  the  second 
a  distance  of  73G8  feet  with  a  fall  of  421  feet.  In 
this  experiment  then  we  have: 

r=3300,  4'=  34-61,  T=7368,  A"=421. 

We  have  just  seen,  besides,  that  the  weight  of  the 
train  was 

!>+/>=  1 10*.  or  in  lbs.  V+p=  1 10x2240 lbs. 

It  is  also  known  that  the  quantity  r,  which  ap- 
peara    in   the  equations,  and   which  expresses  the 
base  of  the  hyperbolic  logarithms,  has  for  its  value 
c  =  271828; 

and  that  the  gravity  g,  expressed  in  English  feet 
per  second,  is 

jr  =  33feet. 
Finally,  the  resistance  of  the  air  per  square  loot  of 
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surface,  at  the-  velocity  of  I  foot  per  second,  b 
expressed,  as  we  have  seen,  for  c=10.r>,  by 

Q=00I25; 

and  the  resisting  surface  of  the  train,  measured  as 
has  heel)  explained  in  the  preceding  chapter,  viz., 
at  70  Rquare  feet  for  the  transverse  section  of  the 
train  and  10  square  feet  per  waggon,  amounted  in 
all  to  320  square  feet. 

Nothing  remains  then,  in  order  to  have  all  tin- 
elements  of  the  calculation,  but  to  determine  the 
value  of  the  quantity  n,  viz. 

"  ~  P  +  p     R' 

This  determination  is  easy ;  for  p  is  the  weight  of 
all  the  wheels  with  their  axle-trees,  or  as  many  times 
•85  ton  as  there  are  carriages,  and  V-\-p  is  known. 

Moreover,  considering  the  wheel  as  a  full  cylinder, 

in  which  the  weight  of  the  axle  should  compensate 
for  the  void  existing  between  the  spokes,  we  should 
have  approximative^,  from  the    theoretical    d< 
mination  of  momenta  inertiae, 

u 

^-,=•50; 

I  nit  some  experiments  made  on  axles  separated  from 
iln  carriage,  with  a  view  to  determine  precisely  their 
(cutie  of  oscillation,  having  given  for  that  fraction 
the  number  -54,  we  will  adopt  that  value.     We  shall 

bave  iliL'n 
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=  •54; 


and  consequently  the  expression  of  the  quantity  « 
will  here  become 

25  X  '85 
n=  54X         {W       =104. 

These  various  values  being  substituted  in  the  ex- 
<ion  of  Y,  give 

Y  =  17040; 

and  conse<juently  the  friction  is 

/=  002635  or  590 lbs.  per  ton. 

The  calculations  relative  to  the  other  experiments 
are  performed  in  a  manner  entirely  similar.  Only, 
iu  three  of  them,  to  wit,  the  experiments  VI II.  IX. 
and  X.,  which,  besides  the  waguons,  included  also 
an  engine,  the  value  of/  was  first  found,  as  before, 
and  the  friction  of  the  whole  train  was  concluded 
from  it.  But  it  was  not  till  after  having  subtracted 
the  friction  proper  to  the  engine  itself,  in  conse- 
quence of  a  special  experiment  made  immediately 
before  and  on  the  same  spot,  that  the  remainder 
was  divided  by  the  weight  of  the  train,  exclusive 
of  the  engine ;  and  thus  was  obtained  the  friction 
per  ton  proper  to  the  waggons.  The  special  ex- 
periment here  noticed,  and  from  which  we  derive 
the  friction  proper  to  the  engine,  at  the  moment  of 
the  observation,  will  be  reported  further  on. 

In  the  experiments  V.  and  IX.  the  train  could 
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not  be  made  to  start  precisely  from  the  post  No.  0, 
and  the  vertical  fall  and  distance  traversed  varied  in 
consequence ;  but  account  has  been  carefully  taken 
of  this  in  the  calculation,  as  may  be  remarked  in  the 
Table. 

During  all  these  experiments  the  weather  was  fine 
and  calm,  and,  as  has  already  been  said,  nothing 
had  been  changed  in  the  ordinary  state  of  the 
waggons  or  the  rails. 
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From  these  exj>eriruents,  the  mean  friction  of  the 
waggons,  taken  independently  of  the  rohlamv  of 
the  air,  amounts  to  3^  of  the  gross  weight  of  the 
waggons,  or  to  5*76 lbs.  per  ton;  but  to  simplify 
the  calculations,  we  will  take  it  at  Gibs,  per  ton, 
which  makes  s jj  of  the  weight  of  the  waggons. 

These  are  the  results  which  ought  to  he  used, 
when,  for  the  resistance  of  the  air,  the  determina- 
tion deduced  from  the  most  recent  and  most  exact 
experiments  on  the  subject  is  used,  and  when  ac- 
count is  taken,  as  it  ought  to  be,  of  the  length  of 
the  prism  formed  by  the  train  in  motion,  as  well  as 
oi  t  lie  effects  of  the  air  against  the  rotation  of  the 
wheels  and  the  accessory  parts  of  the  waggons. 
But  if  the  calculation  were  limited  to  the  use  of 
the  determination  of  llorda,  which  does  not  niter 
mto  the  consideration  of  the  diminution  of  re- 
sistance of  lengthened  bodies,  and  if  account  were 
taken  only,  as  is  the  custom,  of  the  resistance  of  the 
air  against  the  front  surface,  or  transverse  section, 
of  the  train  ;  that  is  to  say.  if  the  calculation  of  the 
foregoing  experiments  were  performed  anew,  with 
llorda'*  datum,  and  giving  to  i'  the  value  indicated 
by  the  waggon  of  greatest  section,  then  it  would  be 
found  that  the  friction  of  the  waggons  should  be 
taken  at  7  lbs.  per  ton. 

It  appears  then,  from  this  result,  that    for    the 

mean  velocity  of  the  trains  during  the  experiments, 

mold   be  indifferent  to  compute  the  friction  of 

the  waggons  at  '>•"(>  lbs.  per  ton,  hiking  account  of 


FRICTION    OF   THE    WAGGONS, 


the  real  roBBtnpce  of  the  air  and  of  its  effects  against 
the  accessor)-  parts  noticed  above,  or  to  take  the 
friction  of  the  waggons  at  7  lbs.  per  ton,  accounting 
merely,  according  to  Borda,  for  the  resistance  of  the 
air  against  the  waggon  of  greatest  section.  On  the 
other  hand,  as,  during  the  work  of  the  engines,  their 
velocity  is  so  much  the  greater  as  the  train  the] 
draw  is  less  considerable,  whence  the  resistance  of 
the  air  increases  as  the  friction  of  the  train  di- 
mfPMhcg,  it  will  equally  be  found  that  either  of 
the  two  preceding  calculations  leads  to  very  nearly 
the  same  result,  for  the  total  resistance  opposed  by 
the  moving  train,  and  that  it  is  only  in  cases  of 
extreme  velocity  that  the  two  modes  of  calculation 
present  a  notable  difference. 

Without  any  important  error  then,  the  second 
of  the  two  modes  of  calculation  may  be  used.  It 
is  that  which  we  had  indicated  in  a  former  work 
[Theory  of  the  Steam  Enyine),  when  unacquainted 
with  any  other  researches  on  the  resistance  of  the 
air  than  those  of  Borda  ;  but  now  that  M.  Thibault  V 
experiments  have  enabled  us  to  employ  a  method 
much  more  exact,  we  have  duly  given  it  the  pre- 
ference, remarking  at  the  same  time  that  the  defini- 
results  of  the  calculations  will  not  thereby  be 
notably  changed. 

Tliis  satisfaction,  however,  attends  the  coincidence 
which  we  have  just  noted,  viz.,  that  an  error  in  the 
valuation  of  one  of  the  two  elements  of  the  total 
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retbtance  o(  the  trains,  would  cause  no  important 
error  in  the  calculation  of  the  effects  of  tin-  engines. 


Of  the  causes  of  variation  in  the  friction  of 
carriages. 

In  the  preceding  experiments  wc  employed  as 
much  as  possible  trains  composed  of  a  great  number 
of  carriages,  because  there  often  exist  great  dif- 
ferences between  the  individual  frictions  of  two 
waggons  of  similar  construction,  and  that  it  is  only 
by  uniting  them  in  numerous  trains,  that  the  com- 
pensation which  establishes  itself  between  their  dif- 

sut  frictions  can  lead  to  a  uniform  mean  result. 

We  must  add,  moreover,  that  the  determination 
of  the  friction,  which  we  have  just  obtained,  refers 
to  the  waggons  whose  construction  has  been  indi- 
cated above,  and  to  the  state  of  the  Manchester  and 
Liverpool  Railway.  As,  however,  on  other  lines, 
different  circumstances  may  occur,  it  becomes  ne- 
cessary to  notice  here  the  variations  which  may 
result  from  them  in  the  friction  of  the  carriages. 

The  causes  of  the  variation  of  friction  are  of  four 
kinds :  1 .  the  construction,  the  maintaining,  and 
greasing  of  Uie  carriage;  2.  the  state  of  the  rails; 
3.  the  diameter  of  the  axle-bearing  and  that  of  the 
wheel;  and,  A.  the  proportion  between  the  total 
might  of  the  carriage  and  that  of  the  body  of  the 
carriage  taken  separately. 
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That  the  influence  of  these  four  causes  may  be 
quite  clear,  we  will  refer  to  what  has  been  saiti  in 
sect.  in.  of  this  chapter.  It  was  there  seen  that 
the  friction  of  a  carriage  consists  of  two  parts : 
one  owing  to  the  friction  of  the  axle,  which  de- 
pends only  on  the  weight  of  the  body  of  the 
carriage;  and  the  other  owing  to  the  rolling  of  the 
wheel  on  the  rail,  which  depends  on  the  total  weight 
of  the  carriage.  It  has  been  seen  that  the  first  of 
these  frictions  produced  against  the  motion  a  force 
Which  we  have  represented  by 


and  the  second  a  force  represented  by 

denoting  the  coefficient  of  the  friction  of  axles, 
/"  that  of  the  rolling  friction,  r  the  radius  of  the 
axle-bearing,  and  R  that  of  the  wheel.  But  in  order 
to  simplify,  we  have  replaced  the  two  expressions  by 
a  single  one,  making 

/'Pli+r<P+j»)  £«/<?  +  ]»>; 


R 


R 


that  is  to  say,  instead  of  entering  into  the  consider- 
ation of  these  two  separate  frictions,  we  have  been 
content  to  consider  the  single  force  resulting  from 
their  union,  and  which  we  have  supposed  propor- 
tional to  the  total  weight  (P+p)  of  the  carriage. 
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But  it  is  now  requisite  to  direct  a  moment'* 
attention  to  this  expression. 

1st.  Since  the  quantity  /'  expresses  the  friction  of 
the  axle  on  its  chair,  for  a  given  weight  of  the  Ixxly 
of  the  carriage,  it  is  plain  that  the  more  carefully 
rounded,  polished,  and  creased  the  axle  is,  and  the 
more  easily  tlu-  mends  in  contact  slide  ujkhi  one 
another,  the  less  the  coefficient/'  will  be.  On  this 
first  term,  then,  is  felt  the  influence  of  the  mode  of 
construction  and  greasing  of  the  carriage. 

2d.  From  the  same  motive,  the  influence  of  tin 
state  of  the  rails  and  of  the  perfect  roundness  of  Ettfl 
wheels  is  felt  on  the  factor  /",  which  expresses  the 
coefficient  of  the  rolling  friction. 

3d.  The  smaller  the  diameter  2r  of  the  axle-bear- 
ing, the  more  the  first  term,  or  resistance  due  to  the 
friction  of  the  axle,  will  be  diminished ;  and  simi- 
larly, the  more  the  diameter  2R  of  the  wheel  shall  be 
augmented,  the  more  thereby  will  be  diminished  the 
two  partial  frictions  which  take  place,  either  on  the 
axle  or  on  the  rail. 

4th.  Finally,  between  two  carriages  wherein  all 
i In  preceding  conditions  were  strictly  identical, 
some  difference  might  yet  arise  in  the  value  of  the 
definitive  friction  /.  In  effect,  the  preceding  re- 
lation giving 

(    ,,     P  r    ,   f     l 

/=/-p+y   r+/   r- 

it  U  visible  that  the  invariability  of  the  quantities/', 
/",  r  and  R  will  not  prevent  a  variation  in  the  value 
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of/,  according  to  the  magnitude  of  the   fraction 

p 
-jj— — ,  that  is  to  sav,  according  to  the  ratio  be- 
■  +  P 

tween  the  weight  of  the  body  of  the  carriage  and 
the  total  weight  of  the  waggon. 

From  these  divers  observations,  it  becomes  clear 
that  on  the  same  railway,  the  definitive  friction/,  of 
which  we  have  found  above  the  mean  value  6  lbs. 
per  ton,  may  vary  according  to  the  state  of  the 
)ns,  the  state  of  the  rails,  and  the  proportion 

the  load  to  the  weight  of  the  carriage;  and  that 
between  carriages  differently  constructed,  the  fric- 
tion may  vary  yet  again,  according  to  the  diameter 
of  the  axle-bearings  and  of  the  w -heels. 

The  preceding  considerations  show  that  the  valu- 
ation of  the  friction,  which  we  obtained  above,  ought 
to  be  understood  only  of  carriages  similar  to  those 
which  were  submitted  to  experiment,  and  subject  U) 
like  conditions,  viz.  with  iron  axles,  turning  on 
-  chain  and  provided  with  sell-act ing  grease- 
boxes  ;  with  three-feet  wheels  and  axle-bearings  1 J 
inches;  with  the  use  of  a  well-kept  railwi 
finally  with  the  usual  proportion  of  about  $  between 
the  weight  of  the  body  of  the  loaded  carriage  and 
the  total  weight  of  the  waggon.  Wire  tlMM  condi- 
tions materially  altered,  a  new  determination  of  tin- 
friction  would  become  neccssarv. 


CHAPTER   VI. 


OF   GRAVITY    ON    INCLINED   PLANES. 

We  have  seen,  in  the  preceding  chapter,  how  the 
resistance  caused  on  a  railway  by  the  friction  of  the 
waggons  may  be  valued.  But  it  sometimes  happens 
that  this  friction  is  the  smallest  part  of  the  total 
resistance  which  the  engine  has  to  overcome,  in 
order  to  effect  the  motion  of  the  train.  This  case 
occurs  when  the  way  is  not  level,  and  the  tmin 
is  obliged  to  ascend  an  acclivity.  The  resistance 
then  caused  is,  as  even-  one  knows,  much  gnatSC 
than  on  a  level  line,  and  in  consequence  it  becomes 
necessary  to  take  account  of  it  in  the  calculations. 

When  a  body  is  placed  on  an  inclined  plane,  the 
weight  which  urges  it,  and  which  always  acts  in  a 
vertical  line,  is  decomposed  into  two  forces  :  one 
perpendicular  to  the  plane,  and  which  measures  the 
pressure  produced  against  the  plane,  by  virtue  of 
the  weight  of  the  moving  body,  and  the  other 
parallel  to  the  plane,  and  which  tends  to  make  the 
body  slide  or  roll  along  the  declivity.  The  latter 
force,  which  we  will  call  the  grnrity  along  the  plane, 
would  inevitably  drag  the  body  towards  the  foot 
of  the  declivity,  were  it  not  counteracted  by  a  con- 
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trary  force.  When  theretbre  a  train  ol'  waggons  has 
to  ascend  un  inclined  plane,  the  moving  power  must 
apply  to  it  firstly,  a  force  able  to  overcome  the 
friction  of  the  waggons  themselves ;  and  again,  an- 
other force  able  to  overcome  the  gravity  in  the 
direction  of  the  plane.  If,  on  the  contrary,  the 
mover  draw  the  train  of  waggons  down  the  plane, 
then,  in  order  to  produce  the  motion,  it  will  evi- 
dently have  to  apply  only  a  force  equal  to  the  dif- 
ference between  the  friction  proper  to  the  waggons 
and  the  gravity,  since  the  latter  force  then  acts  in 
the  same  direction  as  the  mover. 

When  a  body  of  a  given  weight  is  set  on  a  plane 
of  a  given  inclination,  we  know  that,  in  order  to 
obtain  the  gravity  of  the  body  along  the  plane,  its 
weight  is  to  be  multiplied  by  the  fraction  which 
expresses  practically  the  inclination  of  the  plane. 
Tims,  for  instance,  on  a  plane  inclined  £$,  that  is 
to  say,  on  a  plane  which  rises  1  foot  on  a  length  of 
89  feet  measured  along  the  acclivity,  the  gravity  of 
1  ton,  or  22401IM.,  is 


2240 


=  25-2  tbs. 


Moreover,  when  a  train  of  waggons  ascends  an 
acclivity,  the  engine  has  not  only  to  surmount  the 
gravity  of  the  waggons  of  the  train,  but  likewise  its 
own  gravity  and  that  of  the  tender  which  follows  it ; 
and  these  forces  do  not  present  themselves  when  the 
motion  takes  place  on  a  horizontal  line.     It  is  then 
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on  I  Ik-  total  weight  of  the  train,  that  is.  including 
engine  and  tender,  that  the  resistance  caused  by 
gravity  on  acclivities  in  to  lie  calculated. 

If  it  be  supposed,  for  instance,  that  a  train  of  40 
tons,  tender  included,  be  drawn  up  a  plane  inclined 
^,  by  an  engine  weighing  10  tons,  it  is  clear  that 
the  definitive  resistance  opposed  to  the  motion  by 
the  train  will  be 

40  X  b"  lbs. =240 lbs.,  friction  of  the  carriages 

at  6  lbs.  per  ton    .   .  .  240  lbs. 

50  X  *HU  =  1258  lbs.,  gravity  of  the  50  tons 
of  the  train  (reduced  to 
lbs.)  on  a  plane  in- 
clined 8V  to  be  added  1258 


Total  resistance  arising  from  friction  and 

gravity 1498  lbs. 


If,  on  the  contrary,  the  same  train  had  to  descend 
:i  plane  inclined  nArft,  the  resistance  it  would 
offer  would  be 

40  X  6  lbs.  =  240  lbs.,  friction  of  the  waggons  240  lbs. 
50  X  $U%=  1 12  lbs.,  gravity  of  the  train,  to 

b«  deducted 112 


Definitive  resistance  arising  from  friction 

and  gravity 128  lbs. 

In  general,  let  M  be  the  weight  of  the  train,  in 
tons  grosi  and  inrhnlini:  tin1  tender;  let  m  In 
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:>t  of  the  engine,  expressed  also  in  tons ;  k  the 
friction  of  the  waggons  per  ton,  expressed  in  lbs.,  as 
has  been  explained  in  the  preceding  chapter;  finally. 
let  g  be  the  gravity,  in  lbs.,  of  I  ton  on  the  plane  in 
question.  It  is  clear  in  the  first  place,  from  1 
has  been  said  above,  that  the  quantity  g  will  be 
equal  to  8240,  multiplied  by  the  practical  inclina- 
tion of  the  plane  ;  so  that  if  -  express  that  inelina- 

tion,  or  the  ratio  of  the  height  of  the  plane  to  its 
length,  we  shall  have,  to  determine  g,  the  equation 

2240 
9=—- 

This  premised,  the  friction  of  the  waggons  will 
have  for  its  value 

*M. 

Again,  since  g  expresses  the  gravity  of  I  ton,  it  is 
plain  that 

9  (M  +  m) 
will  represent,  in  lbs.,  the  gravity  of  the  total  mux*, 
train  and  engine,  placed  on  the  inclined  plane. 

Thus,  according  as  the  motion  takes  place  in 
ascending  or  in  descending,  the  total  resistance, 
in  lbs.,  offered  by  the  train  on  the  inclined  plane. 
will  be 

k  M  ±  g  (M  +  m)  =  (k  ±  g)  M  ±  gm, 

an  expression  in  which  the  sign  +  belong*  to  tin- 
ascending  motion,  and  the  sign  —  to  the  fltmwuling 

motion,  ot  the  tram. 
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It  will  always  be  easy  then  to  obtain  the  number 
of  lbs.,  which  represents  tin-  resistance  opposed  by 
a  train  in  motion  on  a  plane  of  a  given  inclination 
This  is  the  only  result  which  we  want  at  this  mo- 
ment ;  but  as  the  intervening  of  inclined  planes  on 
railways  brings  with  it  some  particular  considera- 
tions, we  will  return  to  this  subject  further  on,  in 
order  to  solve  the  various  problems  that  may  occur. 

We  have  said  above  that  when  a  body  is  placed 
on  an  inclined  plane,  its  weight  is  decomposed 
into  two  forces,  one  acting  along  the  declivity,  as 
has  been  explained,  and  the  other  acting  normally 
to  the  plane,  and  measuring  the  pressure  which  the 
lit  of  the  body  produces  on  the  plane.  In  this 
case  then,  the  weight  of  the  train,  with  reference  to 
the  sustaining  plane,  is  now  expressed  only  by  the 
normal  component  just  mentioned,  and  not  by  the 
total  weight  of  the  waggons.  Consequently,  to  be 
thoroughly  accurate,  instead  of  then  reckoning  the 
friction  of  the  waggons  from  their  total  weight,  it 
ought  to  be  reckoned  only  from  the  normal  com- 
ponent on  the  plane.  This  force  is  to  the  weight  of 
the  waggons,  as  the  horizontal  length  of  the  inclined 
plane  is  to  its  length  measured  along  the  declivity. 
But  as  there  never  occur,  on  railways,  planes  so 
much  inclined  as  to  render  the  difference  between 
those  two  lines  not  wholly  inconsiderable,  it  is  per- 
fectly useless  to  make  a  distinction  on  that  head. 

For  instance,  on  a  plane  whose  practical  inclina- 
tion shall  be  j^9,  which  is  a  steep  ascent  for  a  rail- 
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way,  we  find  by  geometry  that  the  horizontal  length 
of  the  inclined  plane  will  be  to  its  length  measured 
along  the  declivity,  in  the  ratio  of  the  numbers 

99995 
100000' 

The  difference  then  between  the  absolute  and  the 
relative  weights  of  the  waggons,  is  always  an  inap- 
preciable quantity  in  practice.  For  this  reason,  in 
all  cases,  we  shall  reckon  the  friction  of  the  waggons 
placed  on  inclined  planes,  at  the  same  rate  as  if  they 
were  placed  on  a  level  line. 


CHAPTER   VII. 

"1     nil    I'KKSSIMIK  PRODUCED  ON  THF,  PISTON    BY 
TIIK  ACTION   Of  TIIK   lU.AST-FII'i: 

Sect.  I.    Of  the  effects  of  the  Blast -pipe. 

Wr  have  just  examined  and  measured  successively 
several  of  the  resistii  l>  are  opposed  to  the 

engine  in  its  motion,  viz.,  that  of  the  waggons  along 
I lir  rails,  and  that  of  the  air  against  the  fa 
But  among  other  resistances  which  the  piston  has 
yet  to  overcotne,  is  one  arising  from  the  disposition 
o!"  the  engine  itself,  and  of  winch  it  will  he  proper 
to  treat  hefore  proceed! n-.;  further. 

The  steam,  after  having  exerted  its  action  in  tin 
cylinder,  might  escape  into  the  atmosphere  hy  a 
large  opening.  It  would  then  he  )M>ssiblc  for  it 
entirely  to  dissipate  itself  in  the  air,  during  the 
time  the  piston  takes  to  change  it«  direction,  Con- 
sequently the  steam  would  in  nowise  impede  the  re- 
trograde motion  of  the  pi-ton,  whatever  might  be  the 
velocity  of  the  piston.  But  the  disposition  adopted 
is  contrary  to  this.  The  steam,  on  leaving  the  cy- 
linder, has  no  other  issue  towards  the  atmosphere 
than  an  aperture  exceedingly  narrow  ;  nor  can  it, 
hy  that  aperture,  escape  totally  within    the   time  of 
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one  stroke,  except  by  assuming  a  very  considerable 
velocity  in  its  motion.  For  this,  the  steam  in  the 
cylinder  must  necessarily  be  at  a  pressure  sensibly 
greater  than  that  of  the  atmosphere  into  which  it 
flows ;  and  as  the  pressure  of  the  steam  while  flow- 
ing acts  in  all  directions,  and  consequently  against 
piston,  it  results  that  the  latter,  instead  of  hiring 
simply  to  counteract  the  atmospheric  pMMfcire,  finds 
an  additional  one  to  overcome,  which  is  to  be  added 
to  the  divers  resistances  already  measured. 

This  new  cause  of  resistance  might,  as  has  been 
said,  be  i"  I  nat  measure  suppressed,  by  enlarging 
sufficiently  the  outlet  of  the  steam.  But  to  do  this 
would  be  to  lose  one  of  the  most  active  causes  of 
the  definitive  effect  of  the  engine;  for  the  OOJOd  o/ 
the  disposition  of  which  we  treat  is  to  excite  the  fire 
sufficiently,  and  to  produce,  in  a  boiler  of  small 
dimensions,  the  very  great  quantity  of  steam  requi- 
site for  the  rapid  motion  of  the  engine.  To  this 
end,  the  waste  steam  is  conducted  to  the  chimney, 
and  thrown  into  it  by  intermittent  jets,  through  a 
Matt-pipe  or  contracted  tulie,  placed  in  the  centre 
of  the  chimney  and  directed  upwards.  The  jet  of 
steam,  as  it  rushes  with  force  from  this  aperture, 
rapidly  expels  the  gases  which  occupied  the  chim- 
ney. It,  consequently,  leaves  behind  it  a  vacuum  ; 
and  this  is  immediately  filled  by  a  mass  of  air  rush- 
ing through  the  fire-grate  into  the  space  where  the 
vacuum  has  been  made.  At  every  aspiration  thus 
produced,  the  fuel  contained  in  the  fire-lx»x  grow* 
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white  with  incandescence.  The  effect  then  is  similar 
to  that  of  a  bellows  continually  urging  the  fire ;  and 

-.In   artificial  ruin,  ill   nvaUil  in   the  tire-box  by  this 

means  is  of  such  etlicacj  for  tin-  vaporization,  that 
were  the  blast-pipe  suppressed,  the  engine  would  be- 
come almost  useless,  which  proves  that  the  current 
of  air  attributable  to  the  ordinary  draught  of  the 
chimney  is  in  comparison  but  very  trifling. 

We  shall  return  in  the  sequel,  when  speaking  of 
tin  vaporization  of  the  engines,  to  the  effects  of  ths 
blast -pipe  relative  to  the  production  of  steam.  At 
present  we  have  only  to  consider  its  effects  relative 
to  the  pressure  it  causes  against  the  piston 

For  this  purpose  we  must  first  examine  how  tin-* 
pressure,  necessary  to  the  outtlow  of  the  steam,  is 
produced  in  the  cylinder.  At  that  moment  when 
the  eduction-pipe  opens,  and  the  steam  begins  to 
escape  into  the  atmosphere,  its  pressure  is  yet  the 
same  as  it  was  immediately  licforc,  when  it  scimi! 
as  the  motive  force  to  produce  the  motion.  The 
latter  pressure  then  is  that  which  takes  plaice  at  the 
first  moment,  and  which,  by  reason  of  its  excess 
above  the  atmospheric  pressure,  produces  the  efflux 
of  the  steam.  But  as  that  pressure  is  very  con- 
siderable, and  IS  the  gases  acquire,  as  is  well  known, 
at  velocities,  even  under  very  weak  motive 
or  effective  pressures,  it  follows  that  at  this  moment 
tin  steam  QeOSSSaiilj  rushes  from  the  cylinder  with 
normous  velocity  ;  and  as,  moreover,  its  density 
is  then  very  considerable,  it  results  that  the  greater 
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part  of  the  steam  escapes  immediately,  or  at  least  in 
a  very  short  space  of  time.  However,  H  the  efflux 
takes  place,  the  pressure  of  the  remaining  st 
diminishes,  as  well  as  its  density.  Consequently 
the  issuing  velocity  of  the  steam  and  the  quantity 
of  it  which  flows  out  in  a  given  time  diminish  at 
the  same  time.  A  point  then  occurs  at  which  the 
spontaneous  efflux  of  the  steam  by  the  blast-pipe 
no  longer  exceeds  the  velocity  which,  by  reason  of 
the  size  of  the  orifice,  corresponds  to  the  velocity 
of  the  piston  in  the  cylinder,  lieyond  this  point 
the  issuing  velocity  of  the  steam  cannot  diminish, 
for  the  piston,  continuing  it<  stroke,  forces  it  out 
of  the  cylinder  as  rapidly  as  itself  performs  its 
motion.  It  is  then  the  velocity  of  the  piston  which 
fixes  the  loner  limit  of  the  velocity  of  efflux  of  the 
ED;  and  consequently  the  smallest  effective  pres- 
sure that  can  take  place  in  the  cylinder  is  thai  which 
is  capable  of  producing,  in  the  efflux  of  the  steam 
by  the  blast-pipe,  a  velocity  corresponding  to  that 
of  the  piston. 

Thus,  at  the  moment  of  the  opening  of  the  educ- 
tion-pipe, there  is  a  tendency  to  produce  in  the 
blast-pipe  an  effective  pressure  equal  to  that  which 
the  steam  had  during  its  motive  action  in  the 
cylinder;  but  the  duration  of  this  extreme  pressure 
is  in  a  manner  instantaneous.  It  immediately 
diminishes  rapidly,  and  soon  attains  its  interior 
limit,  which  afterwards  subsists  till  the  end  of  tin- 
stroke  ;  and  then  is  produced    in  the  blast-pipe  a 
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stive  pimmiro.  mrnwpflnding  to  a  ve- 
locity of  efflux  of  the  steam  measured  by  the  velo- 
city (i  the  piston. 

Again,  as  the  two  cylinders  communicate  with  I 
le   blast-pipe,    it    happens   that    each    cylinder 

transmits  io  the  blest-pipe  alternately  steam,  firtl 

at  |  very  high  pressure,  and  then  at  a  low  one ;  and 
these  effects  succeed  each  other  in  such  sort,  that 
when  one  cylinder  supplies  steam  at  a  low  preas. 
the  other  on  tin-  contrary  giveji  it  at  the  higbof  pres- 
sure. As  these  alternations  are  exceedingly  rapid, 
there  must  result  in  the  blast-pipe  1  certain  mean 
Jin  --ure.  which  forma  in  a  manner  a  factitious 
atmosphere,  in  which  the  two  pistons  work.  This 
factitious  atmosphere  it  is  necessary  to  know ;  for 
evidently  as  soon  as  it  becomes  known,  it  will 
sullice  to  substitute  it,  in  the  calculation,  for  the 
natural  atmo  .   to  take  account,  without  any 

Other  difficulty,  of  the   resistance  exerted  against 
the  piston  by  the  action  of  the  blast-pipe. 

Before  proceeding  further,  we  will  therefore  ex- 
amine how  this  mean  pressure  existing  in  the  blait- 
|)i|*\  must  be  modified  according  to  the  different 
circumstances  of  the  working  of  the  engine. 

1st.  If  the  velocity  of  the  piston  increases,  without 
any  other  change  being  made  in  the  engine,  it  is 
■le,  from  what  has  been  said  above,  that  the 
lower  limit  of  the  eflbfltira  |ncs-ure  in  the  blast- 
l<i|  c  will  increase;  and  according  to  the  principles 
admitted  in  the  flowing  of  fluids,  it    will    increase 
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nearly  as  the  square  of  the  velocity  of  the  piston. 
But  on  the  other  hand,  it  will  be  seen  tint  her  on, 
that  with  the  same  vaporization  in  the  boiler, 
the  velocity  of  the  piston  cannot  increase,  without 
the  effective  premie  in  the  cylinder  duumi  I 
nearly  in  the  inverse  ratio  of  that  velocit)  Hence, 
in  the  case  before  us,  namely,  that  of  an  increase  of 
velocity  of  the  engine  without  an  increase  of  vnjto- 
rization,  the  inferior  limit  ol  the  effective  pressure  in 
the  blast-pipe  will  augment  in  proportion  to  tin 
square  of  the  velocity  of  the  piston,  and  it*  nup«  i  !•  <> 
Umit  will  diminish  in  the  inverse  ratio  oi  I  he  MM 
velocity.  As  we  have  seen  besides,  that  the  D 
imum  pressure  in  the  UMt-pJpfl  i»  of  a  duration 
much  less  than  the  minimiim  pressure,  it  follows 
definitively  that  the  mean  effective  pressure  in  the 
blast-pipe  will  receive  an  augmentation,  simulta- 
neous and  in  a  certain  proportion  with  the  velocity 
of  the  piston. 

2d.  If,  the  velocity  of  the  piston  remaining  the 
same,  the  vaporization  of  the  boiler  increase,  it  is 
plain  that  the  velocity  ot  the  piston  can  then  re- 
main constant,  only  because  the  steam  arrives  in 
the  cylinder  with  a  total  pressure  an 
in  the  ratio  of  the  vaporization,  or  with  an  effective 
pressure  augmented  in  a  manner  corresponding  to 
it.  ft  is  now  therefore  the  superior  limit  of  the 
effective  pressure  in  the  blait-pipe,  which  will  have 
an  increase  corresjwndent  to  the  vaporization  pro- 
duced, whereas  the  lower  limit  of  the  same  pres 
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being  always  indicated  by  the  velocity  of  tin 
will  on  the  contrary  undergo  no  change.  Thus, 
in  this  second  case,  the  mean  effective  pressure 
in  the  blast-pipe  must  necessarily  increase  in  a 
in  ratio  with  the  vaporization  ot"  the  boiler. 
3d.  Finally,  if  the  velocity  of  the  piston  remain 
the  same,  as  well  as  the  vaporization  of  the  boiler, 
but  if  the  orifice  of  the  blast-pipe  be  diminished 
without  altering  the  area  of  the  cylinder,  it  is  « 
1 1  -.it  the  same  velocity  of  the  piston  Will  then  GOTO- 
spond  to  an  issuing  velocity  of  steam  by  so  much  the 
gBMter ;  and  that  if,  for  instance,  the  area  of  the 
blast-pipe  be  reduced  to  the  half  of  what  it  was 
before,  the  issuing  velocity  of  the  steam,  corre- 
sponding to  the  velocity  of  the  piston,  will  be 
doubled.  But,  from  the  principles  of  the  elHux  of 
fluids,  this  double  velocity  will  require  a  motive 
i  elective  pressure  nearly  quadruple.  Hence,  in 
tin-  case,  the  inferior  limit  of  the  effective  pressure 
in  the  blast-pipe  will  vary  nearly  in  the  inverse  ratio 
of  the  square  of  the  orifice  of  efflux  of  the  steam  ; 
but  the  superior  limit  of  the  same  pressure  will  not 
vary,  since  it  is  always  fixed  by  the  pressure  ot  the 
steam  during  its  action  in  the  cylinder.  There  i 
detinitively  in  this  third  ease,  the  mean  effei 
pressure  in  the  blast-pipe  will  receive  an  aug- 
tation  increasing  in  I  certain  inverse  proportion 
of  the  orifice  of  the  blast-pipe. 

These  divan  effects  would  no  doubt  he  susceptible 
of  a  solution  more  or  less  exact  by  calculation  ;  but 
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considering  their  nicety  and  at  the  same  time  the 
imperfectness  of  the  theory  of  the-  efflux  of  fluids, 
deem  it  more  useful  for  the  applications,  to 
endeavour  to  determine  them  in  a  direct  manner 
ami  by  observation.  For  this  reason,  we  shall  make 
nee  of  the  preceding  considerations,  only  to  guide  us 
in  the  research  of  the  laws  which  mn  be  derived 
from  experience  in  this  respect. 

We  will  nevertheless  observe,  that  there  is  a 
moment  when  the  pressure  in  the  blast-pipe  pro- 
duces no  opposition  against  the  motion  of  the 
piston.  This  effect  depends  on  the  circumstance 
that,  from  a  disposition  of  the  engine  which  •.. 
shall  explain  in  speaking  of  the  lead  of  the  slide, 
the  eduction-port  of  the  steam  is  opened  a  little 
before  the  piston  h:i-.  reached  the  hottom  of  the 
cylinder.  The  result  is,  that  during  the  short  inter- 
val yet  left  for  the  piston  to  traverse  to  finish  its 
stroke,  the  pressure  in  the  blast-pipe  >s  found  acting 
in  the  direction  of  the  motion,  instead  of  acting 
against  it.  lint  as,  nearly  at  the  same  moment  and 
from  the  same  disposition,  the  steam  of  the  boiler 
comes  in  beforehand  against  the  motion  of  the 
piston,  it  follows  that  the  resistance  owing  to  the 
blast-pipe  is  only  replaced  by  a  stronger  resistance. 
As  however  the  velocity  of  the  piston  is  then  nearly 
null,  and  as  its  action  to  produce  the  motion  is 
equally  without  efficacy,  we  will  admit  that  the  one 
effect  replace!  the  other,  and  shall  enter  on  no 
distinction  in  that  respect. 
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Sect.  II.    Experiments  on  the  resistance  produced 
against  the  piston  by  the  action  of  the  Blast-pipe. 

To  measure  the  resistance  produced  against  the 
piston  by  the  action  of  the  blast-pipe,  and  tin-  niixii- 
fications  it  undergoes  according  to  the circumstances 
in  which  the  engine  works,  we  undertook  a  * 
of  experiments,  which  we  are  about  to  describe. 

The  blast-pij>e  of  the  engine  Star  being  taken 
out  of  the  chimney,  the  extremity  of  it  was  cut  at 
the  point  where  the  cone  was  three  inches  in  dia- 
meter,  and  the  removed  part  was  replaced  by  a 
bonnet  conical  at  the  bottom,  and  which  was  fitted 
at  this  point  with  screws  on  the  remaining  portion 
of  the  cone  of  the  blast-pipe  (fig.  36).  At  its  upjier 
.  part,  this  bonnet  changed  into  a  quadrangular  con- 
duit aabb,  each  side  of  which  was  two  inches  and 
a  half  in  width,  measured  in  the  inside.  Of  the 
four  sides  of  this  oooduit,  three  were  fixed,  and 
perfectly  smooth  on  their  inner  surface ;  the  fourth 
aa  was  moveable  on  a  hinge  r,  and  when  pushed  at 
a'a',  towards  the  inside  of  the  passage,  in  which  it 
moved  with  an  easy  friction,  the  steam-way  became 
narrowed  by  so  much.  Thus,  when  this  factitious 
blast-pipe  was  entirely  open,  it  presented  a  square 
orifice  whose  side  was  _'  :*>  inches,  that  is  to  say,  an 
area  of  6*25  square  inches ;  and  when  the  moveable 
side  was  forced  into  the  opening  1$  inches,  the 
efflux  orifice  was  no  more  than  2*5  inches  by  I 
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inch,   that  is  to  say,  was    reduced    to   B'6    sipiarc 
I  dt' area.    By  this  means,  then,  tin    uritiee  of 
the  blast-pijMi  could  Ik-  altered  at  pleasm 

In  order  to  execute  this  change  easily,  without 
opening  the  chimney  or  stopping  the  engine,  a  rod 
M'O,  fixed  on  the  movcahlc  hide  of  th<  pipe, 

communicated,  by  means  of  a  Inn  MOQ,  « 
fixed  point  was  at  Q,  with  a  long  roil  Mm,  wl, 
other  extremity  m  reached  to  the  enginc-inaiiH  itud. 
Tins  rod  Mm  was  composed  of  two  parts  i  one, 
MK,  terminated  by  a  nut  E  invariably  fixed  to  the 
rod;  and  the  other,  m  e,  terminated,  on  | 
trary.  by  screw-bolts  which  inserted  themselves 
into  the  nut,  and  thus  united  the  two  pieces  into 
one.  The  j>art  m  |  of  this  rod  paused  into  a  fork 
I'N,  where  it  was  maintained  by  two  collars  i.. 
'lit  its  sliding  lODgitadinaU]  It  then  ter- 
minated by  a  crank  handle  T.  WL  lam 
Onmber  ol  turns  wi  :•  with  tin-  handle,  it 
U  plain  that  the  screw  e  was  made  to  penetrate 
more  or  less  into  tin  :mi  K,  and  that,  consequently, 
Uie  rod  wi.M  RM  shortened  Ot  leQgUMMd  Thus, 
as  the  point  N  was  fixed,  it  i  -it  that  tin 
moveable  *ide  of  the  blUt-pipe  was  by  so  BtOCfl 
either  drawn  in  or  pushed  out 

To  measure  precisely  these  short* i  ;th- 

enings  of  the  rod,  a  filed  Indn  i  was  attached  to 
the  steam-dome  of  the  boiler,  and  the  npj^r  -nrface 
of  the  nut  E  was  marked  with  divisions.      V, 
therefore,  by  the  motion    of  the    handle,    the    nut 
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approached   the   fork   N.    its   divisions    puased 
cessively  under  the  fixed  index  ;  and  consequently 
the    addition   to  the   length  of  the    rod    might    be 
read  immediate!)        'I he  dimensions  of  the  d. 
pico  such,  that   this  increase  of  length  in- 

dicated precisely    the    contraction    that    had    taken 
place  in  the  blast-pipe. 

In  order  to  obtain  the  pressure  of  the  steam  after 
it  had  left  the  cylinder,  a  brass  tube  of  half  an  inch 
in  diameter,  inserted  into  the  pipe  leading  to  the 
bJaatxfHpe,  brought  a  portion  of  that  steam  into  a 
receiver,  placed  00  tin-  engine-man's  stand.  This 
tube,  on  leaving  the  compartment  of  the  chimney, 
was  protected  against  the  effects  of  the  e\t. 
refrigeration  of  the  air,  by  a  thick  covering  of  hemp 
carefully  put  on  and  defended  by  a  coat  of  paint. 
The  receiver  into  which  the  steam  was  conducted 
was  12  inches  high  and  3  inches  in  diameter.  It  bore 
three  instrument-  adapted  to  measure  the  prBH 
viz.,  an  air-gauge,  a  thermometer,  and  a  little 
syphon-manometer.  The  syphon-manometer  had 
tin'  inconvenience  of  tilling  with  water,  and  was  in 
consequence  abandoned  ;  but  during  all  the  obser- 
vations which  were  made  with  the  three  instruments 
their  indications  accorded  exactly.  Only,  after  the 
■topptgi  <  "'  the  engine,  the  thennomefa  i  gang*  PM 
much  longer  than  the  other  two  in  marking  the 
pressure. 

The  whole  of  this  apparatus  is  seen  represented 
in  fig.  24  (PI.  V).     VV  is  the  tube  which  brings 
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the  StoOD  from  the  blast -pipe  to  the  receiver;  A 
is  the  receiver,  closed  at  its  upper  part  by  a  safctv- 
valve  maintained  in  its  place  l\  i  lie  pressure  of  an 
ordinary  spring-balance  F  -,  B  is  the  air-gauge,  and 
r  is  the  cock  by  which  the  steam  arrived  from  the 
interior  of  the  receiver  to  the  ball  of  the  instalment. 
C  is  the  thermometer  or  thermometer-gauge ;  </</  ifl 
the  tube  which  conducted  the  steam  from  the  re- 
ceiver to  the  little  syphon-manometer,  which  could 
not  be  figured  for  want  of  room.  In  tine,  the  dis- 
charging cock  R,  seen  at  the  bottom  of  the  receiver, 
served  to  let  out  the  water  which  formed  therein  by 
condensation  at  the  commencement  of  the  experi- 
ments and  till  the  mass  of  the  system  had  acquired 
a  proper  temperature.  The  apparatus  once  suffici- 
ently heated,  this  cock,  when  opened,  let  out  no- 
thing but  a  jet  of  perfectly  transparent  steam,  and 
never  any  water,  which  proved  that  no  condensa- 
tion of  steam  was  taking  place  in  the  receiver. 

The  steam  was  taken  at  the  point  where  the  pipes 
proceeding  from  each  cylinder  unite  to  form  the 
origin  of  the  blast-pipe.  At  this  point  the  pressure 
was  successively  that  of  the  two  cylinders.  Conse- 
quently the  rapidity  of  the  alternations  of  the  pistons 
maintained  there  a  mean  constant  pressure,  at  least 
as  long  as  no  variation  occurred  in  the  circum- 
stances which  we  shall  presently  speak  of.  At  the 
moment  of  the  starting  of  the  engine,  when  the 
velocity  was  but  2  or  3  miles  per  hour,  the  mercury, 
at  every  stroke  of  the  piston,  was  seen  to  rise  sml- 
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dculy,  in  tlic  air-gauge  and  in  the  syphon-mano- 
meter,  to  a  height  corresponding  to  about  1  tb.  of 
effective  |H— UM  per  square  inch.  But  this  eflfcd 
was  produced  and  destroyed  instantaneously,  so  that 
in  the  duration  of  DM  stroke,  the  space  ot"  I 
when-ill  tht  pressure  was  null  w.i-  greater  tlinn  that 
in  which  it  was  1  !b.  above  the  atmospheric  pres- 
sure. Afterwards,  as  the  velocity  of  the  engine 
increased,  the  mercury  rose  permanently  in  the 
manometers,  and  its  oscillations  of  level  became 
less  and  less  sensible.  At  the  velocity  of  I  b"  to  I B 
miles  an  hour  a  very  slight  motion  was  still 
cernible  in  the  surface  of  the  mercury  at  ever) 
stroke  of  the  piston  ;  but  beyond  that  |>oint  the 
oscillations  liccainc  in-,  n-iUe,  and  the  pressure 
was  no  longer  seen  to  vary  but  with  the  circum- 
stances which  formed  the  object  of  the  experi- 
ments. 

The  apparatus  being  fixed  on  the  engine,  «i 
during  the  motion,  the  orifice  of  the  blast -pipe  was 
contracted,   it  immediately  caused   the  pressure  to 
rise  in  the  manometers  several   pounds,  accoi 
to  the  contraction  made  in  the   aperture,  ami   00 
bringing  back   the  blast-pipe   to  its  former  dimen- 
moiis  the  pressure  returned  to  the  same  point  as 
before.      Similarly,   as  the   velocity   of   the 
increased  or  diminished,  the  pressure  in  the  blast- 
pipe  was  seen  to  vary  in  a  correspond  mi;  manner. 
And  liu.ilK,  whenever,  by  putting  coke  on  the  fire 
or  water  in  the  boiler,  the  vaporization  of  the  boiler 
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was  temporarily  diminished,  the  pressure  in  the 
blast-pipe  was  instantly  seen  to  lower,  aud  to  re- 
sume its  former  degree  only  when  the  vaporization 
had  resumed  its  ordinary  activity.  There  remained 
no  doubt  then  tliat  the  velocity  of  the  engine,  the 
rate  of  vaporization,  and  the  orifice  of  efflux  of  the 
steam,  had  an  immediate  effect  on  the  pressure  in 
the  blast-pipe.  As  to  the  pressure  in  the  boiler, 
since  the  steam,  before  arriving  at  the  blast-pipe, 
passed  first  through  the  cylinder,  it  is  clear  that 
tin  prassore  in  the  boiler  could  not  have  modified 
the  pressure  in  the  blast-pipe,  but  by  first  modi- 
;  that  Of  the  cylinder.  Now  we  shall  here- 
after show  that  this  latter  effect,  from  the  boiler 
to  the  cylinder,  does  not  exist ;  neither  then  could 
it  exist  from  the  boiler  to  the  blast-pipe.  And,  in 
fact,  we  observed  that  the  augmentation  of  pressure 
in  the  boiler  was,  according  to  the  circumstances, 
attended  at  times  with  an  elevation,  at  other  times 
with  a  diminution  of  pressure  in  the  hhist-pipe,  as 
may  besides  have  been  remarked  already  in  the 
experiments  related  in  Section  vi.  Chapter  II. 

Of  the  three  circumstances  just  mentioned,  as 
modifying  the  effects  of  the  blast-pipe,  the  first  that 
we  chose  to  submit  to  inquiry  was  the  influence  of 
the  velocity  of  the  engine  on  the  pressure  due  to  the 
blast-pipe.  Fbr  this  purpose,  the  fire  being  kept  in 
the  same  state  of  intensity,  and  the  boiler  rcgul.u  I . 
fed  with  water,  in  order  to  preserve,  as  much  im- 
possible, a  uniform  vaporization,  and  the  orifice  of 
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the  blast-pipe  being  maintained  constant ,  we  mail.' 
the  observations  related  in  the  following  Table     We 

thereto  add  the  last  column,  in  which  is  inscribed 

the  pressure  which  should  have  been  observed. 
the  variation  taken  place  exactly  in  proportion  to 

ihr  velocity. 

To  perform  this  calculation,  we  take  as  our  point 

of  departure,  in  each  aeries  of  experiments,  the  pres- 
sure corresponding  to  the  mean  velocity  of  the 
motion. 

We  must,  however,  add  here,  that  not  lit  n 
more  difficult  to  obtain  than  uniformity  in  the  va- 
cation of  the  engine.  Ever)-  time  that  coke  ■ 
thrown  into  the  fire-box  or  water  sent  to  the  boiler, 
the  production  of  steam  is  immediately  reduced, 
though  the  velocity  of  the  engine  doM  not  detect 
the  change,  on  account  of  its  acquired  impulse  ;  but 
tin  diH'crcnce  of  vaporization  is  felt  immediately  m 
the  receiver,  where,  as  has  been  said,  the  manome- 
ters are  seen  to  lower  all  at  once  and  not  to  reel 
their  usual  d<  -in  till  after  a  certain  time.  A  con- 
trary effect  takes  place  when  the  supply  of  the  tire 
and  feeding  of  the  boiler  are  momentarily  suspended, 
whicfa  especially  happens  during  ascents,  because  the 
ine-men  are  then  apprehensive  of  diminishing  the 
power  ot  the  engine  too  much.  These  circumstances 
oblige  us,  as  the  Table  shows,  to  recur  to  the  mean 
oi  the  observations,  in  order  to  obtain  the  corre- 
sponding pressures  and  velocities. 

We  must  equally    give  notice  that    in    the    I 
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m Tics  of  experiments  contained   in  the  Table,  the 
orifice  ol  the  blast-pipe  was  not  the  game. 


Experiment*  to  determine  the  influence  of  the  velocity  of 
the  motion,  on  the  pressure  due  to  the  blast -pipe. 


Effective  prc»- 

Ob»<rved  effec- 

»ure calcu- 

Yell- 

tive  prciiure,  on 

lausl.  in  ||m 

the  engine  in 

■|i|K>sit*f»CC 

Mean  effective 

ilireol  ratio  of 

■  ■f  Ibt  |n>i"ii.  in 

Mean 

urr-Hiirr.  by 

the  |da 

boo 

Id •    |»r   m|.  iiicli. 

M   I.H-ilV. 

uliaenation. 

of  the  motion. 

15- 
10-34 

U   } 

15*19 

4-2 

43 

it;-;..-) 

4D 

16-55 

4-9 

4-7 

1695 
17-21 

4-3       "I 

5-6         / 

1708 

4-9 

4-8 

7-28 

1-8 

6-26 

1-8 

22 

911 

2-8 

8-67 

2-8 

9-8 

14-53 

4  4 

14-53 

44 

43 

1639 

53        I 

16-67 

? 

1667 

5-3 

:>■■> 

16-96 

48       J 

17-50 
17  73 

51        1 
62        J 

1761 

56 

5-5 

We  see  by  these  results,  that  the  effective  pres- 
BZerted  against  the  piston,  by  the  action  of  the 
blast-pipe,  varies  very  nearly  in  the  direct  ratio  of 
tin-  velocity  of  the  piston,  or  of  the  engine. 

From  the  considerations  which  we  have  presented 
above,  it  still  remained  to  seek  according  to  what 
the  pressure  on  the  piston,  in  the  action  of  the 
blast-pipe,  varies  with  the  ratio  of  tlie  vapori/.ution 
in  the  boiler,  to  the  area  of  the  blast-pipe  through 
which  the  steam  is  forced  to  How.     With  this  view 


I '.III 
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were  undertaken  the  experiments  which  we  shall 
presently  ofl'cr,  note  being  carefully  taken  in  them, 
of  the  velocity  of  the  engine,  of  the  area  of  the  blast- 
pipe,  and  finally  of  the  valorization  of  the  boiler. 

After  having  compared  the  observations  among 
tin  RDM  Ives,  we  find  that  the  law  to  which  they 
approach  nearest  is  that  of  a  simple  proportionality 

S' 
tithe  ratio        ,   in  which    S"   represents    the    total 
o 

vaporization  or  the  expenditure  of  water  of  the 
boiler,  such  as  we  observi-d  it  in  the  cx|>eriments, 
and  o  represents  the  area  of  the  orifice  of  the  bla*t- 
pipe.  It  is  for  this  reason  that  we  annex  to  the 
Table  of  the  experiments,  a  last  column  containing 
the  resistance  against  the  piston  created  by  the 
blast-pipe,  such  as  calculation  would  give  it,  sup- 
posing that  it  were  directly  proportional  to  the 
velocity  of  the  engine,  and  to  the  ratio  of  the  total 
vaporization  to  the  area  of  the  blast-pipe,  that  is  to 
•ay,  supposing  it  to  be  of  the  form 


To  obtain  the  coefficient  K,  which  should  serve  to 
oj>eratc  this  reduction,  we  first  compared  the  pro- 
s' 
duct  i)  —  to  each  of  the  results  given  by  observation, 

and  them  i    Educed   the    value  of  K,    wh 

I  to  Ik'    011.1      Consequently  we  calculate  tl: 
last  column  by  the  formula 
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With  regard  to  the  observations  of  velocity  and 
pressure  inserted  iii  the  Table  which  we  arc  about 
to  present,  we  must  notice  that  each  of  them  is  a 
mean  taken  on  from  ten  to  twenty  consecutive  ob- 
servations, which  by  so  much  the  more  insures  their 
accuracy.  Nevertheless,  as  these  observations  were 
all  made  at  the  same  period  of  tin-  experiment)  and 
at  very  short  intervals  of  time  from  each  other,  it  is 
still  found,  on  looking  over  the  results  to  discover 
the  law  which  represents  them,  that  the  difficulty 
already  mentioned,  of  maintaining  tlie  uniformity  of 
the  vaporization  in  the  boiler,  occasions  from  time 
tO  time  anomalies  not  inconsiderable  in  the  observa- 
tions. But  on  recurring  to  a  mean  taken  between 
observations  made  at  two  different  periods  of  the 
experiments,  those  anomalies  are  found  to  disappear 
almost  entirely ;  which  is  a  proof  that,  they  arise 
solely  from  this,  that  the  observed  pressure  in  the 
blast-pipe  results  from  the  momentary  vaporization 
of  the  engine,  animated  or  slackened  during  that 
portion  of  the  experiment,  whereas  the  calculated 
pressure  can  be  grounded  only  on  the  bum  vapori- 
zation of  the  whole  experiment. 

The  observations  we  have  just  made  are  relative 
to  the  last  two  columns  of  the  Table.  In  that  which 
contains  the  dimensions  of  the  blast-pipe,  instead  of 
giving  those  dimensions  in  square  inches,  as  re- 
sulted  from   the  form  of  the   blast-pipe   employed, 
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we  give  the  diameter  of  a  round  Mast-pipe  offering 
the  same  area  of  orifice.  As  tlie  circular  form  is 
the  only  one  in  use,  we  thought  that  the  Tahle  pre- 
sented in  this  manner,  would  become  more  commo- 
dious for  practical  applications. 

Finally,  we  must  yet  add,  that  in  the  experiments 
about  to  be  related,  we  have  sometimes  reduced  the 
area  of  the  orifice  of  the  blast-pipe  to  but  2  50  and 
3-125  square  inches,  and  thence  resulted,  even  for 
very  moderate  velocities,  very  great  resistances 
agahlSt  the  piston.  But  such  contractions  arc  not 
in  use :  before  the  variable  orifice  which  we  have 
described  was  fitted  up  on  the  Star  engine,  the 
blast-pipe  was  of  the  diameter  of  2§  inches,  or  4'5 
square  inches  of  area,  which  is  a  measure  usual 
enough  in  these  engines.  The  blast-pipe  then,  in 
the  regular  use  of  it,  produces  only  resistances 
proportioned  to  that  dimension ;  and  this  remark 
is  necessary,  that  the  results  related  in  the  Table 
may  not  be  regarded  as  mean  data  suitable  to  the 
regular  work  of  locomotives. 
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Experiment!  on  the  resistance  produced  against  the  piston  by 
the  actum  of  the  blast-pipe. 


Vaporisation 
darinftbe 

{Effective  prea- 
1   nit  agajnat 

Kffeetrreprae- 
sure.  calcu- 

Bxpfnnmt, in 

Velocity  of! 

the  en  vine, 

in  nulea 

per  hour. 

the  piston, 

lated  by  the 

Daaaoftaaexpcriatent,  and 

cubic  fort  of 

Diameter 

observed  du* 

formula 

imimmUm  of  the  mm 

Ml  Hi  load,  Mia  MM 

water  per 
hoar. 

of  the 

Mast- pipe. 

ring  the 
experiment. 

0113  n!L. 

• 

1836. 
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mile!. 
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15-00 

501 

3-o  r 

8}* 
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5-6 
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Aug.  9,  Stir,  from  Man- 
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4-2 
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51 

4-3 
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Comparing  the  last  column  and  the  last  hut 
of  this  Tahle,  we  recognise  between  them  a  suffi- 
cient  coincidence  for  practical  purposes.  Conse- 
quently, in  all  cases  wherein  the  resistance  caused 
against  the  piston  by  the  action  of  the  blast-] 
shall  not  have  been  directly  observed,  it  may  lie 
determined  by  the  formula 

0113p  -; 
0 

111  which  p  is  the  velocity  of  the  engine  in  miles  per 
hour;  S*  the  totul  vaporization  of  the  boiler  in  cubic 
feet  of  mtM!  per  hour;  o  the  area  of  the  orifice  of 
the  Mast-pipe  expressed  in  square  inches;  and  the 
result  of  the  calculation  will  give  the  pressure  in  the 
blast-pipe  expressed  in  pounds  per  square  ioch 
The  pressure  per  square  foot  will  be  1  M  times  as 
much. 

With  respect  to  the  quantity  represented  here  by 
S',  the  experiment  from  which  we  deduced  the 
formula  shows,  that  the  vaporization  signified  is 
the  total  vaporization  effected  in  the  boiler,  that 
is  to  say.  the  vaporization  counted  before  dediu 
of  the  water  carried  away  in  a  liquid  state  with  the 
steam.  But  as  the  engine  Star  makes  habitually 
00  waste  of  steam  by  the  safety-valves,  it  is  un- 
derstood that  in  engines  in  which  this  loss  does 
take  place,  it  is  not  considered  as  included  in  the 
Value  of  S\  and  consequently,  if  a  very  nice  accu- 
racy be  desired,   it    will   Ik-  proper,  first  of  all.  to 
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subtract  it  from  the  vaporization  effected,  in  order 
tain  the  quantity  here  expressed  by  S\ 
Making  in  the  preceding  formula 

0113-=;/. 

pressure  in  the  blast-pipe  may  be  represented  by 
the  expression 

p'r. 
in  which  //  will  Ik?  the  ratio  of  the  vaporization  to 
the  orifice  of  the  blast-pipe,  multiplied  by  a  constant 
coefficient. 

Now,  for  engines  which  vaporize  as  much  as  60 
cubic  feet  of  water  per  hour,  practice  has  established 
the  use  of  a  blast-pipe  of  2"25  inches  diameter,  or 
396  square  inches  of  area,  which  gives  for  the  value 

S' 

> 
o 

tin 


of  the  ratio 


3-96 


=  1.V2 


In  constructing  engines  of  a  greater  vaporizing 
power,  it  would  be  natural  to  increase  the  area  of 
tlie  hlast-pi|>c  in  proportion  to  the  quantity  of  steam 
to  which  it  is  to  give  issue.  There  is  room  therefore 
to  think  that  the  proportion  thus  established  be- 
lt the  production  of  steam  and  the  area  of  the 
blast-pipe,  will  not  be  notably  changed  by  the  dif- 

S' 
ferent  engine-makers.      Consequently  the  ratio  — 

he    regarded   approxiinativcly    as    a    constant 
tily,  given  by  the  above  proportion. 


1% 
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Then   the   preceding  formula    will    be    reduced 
simply  to  the  expression 

1 75  v, 

which  will  be  useful  especially  in  valuing  the  pres- 
sure due  to  the  blast-pipe  in  engines  whose  vapo- 
rization is  unknown.  In  this  formula,  ti  is  the 
velocity  of  the  engine,  in  miles  per  hour,  ami  the 
result  i-  the  pressure  in  the  blast-pipe,  expressed  in 
pounds  per  square  inch.  As  the  pressure  per  square 
foot  is  144  times  as  much,  it  follows  that  if  we 
require  the  pressure  expressed  in  that  manner.  08 
will  he  found  necessary  in  the  course  of  this  work, 
we  shall  obtain  its  value  by  the  formula 

•J.V2«. 
We  shall  then  represent  generally  the  pressure  in 
the  blast-pipe  under  the  form 


and  for  the  most  ordinary  cases,  it  will  suffice  to 
give  to  p,  in  this  expression,  one  of  the  constant 
values  above  mentioned,  according  to  the  measures 
employed,  lint  if  the  engine  in  question  should 
differ  too  considerably  from  the  proportions  which 
we  have  just  indicated  with  reference  to  the  area  of 
the  hlast-pipe,  it  would  be  necessary  to  substitute 
for  that  approximate  value  of;/,  its  value  function 
of  S'  and  o. 

In  fine,  to  dispense  with  all  calculation  on  this 
head,  we  lure  subjoin  a  Table,  in  which  will  he 
found,  on  inspection,  the  pressures  in  the  blast-pipe 
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for  given  circumstances,  and  we  continue  that  Table 
beyond  the  actual  effects  of  locomotive  engines.  It 
will  there  be  recognised  how,  by  augmenting  the 
orifice  of  the  blast-pipe,  the  resistance  against  the 
piston,  arising  from  that  cause,  may  be  diminished 
at  pleasure ;  and  it  may  probably  be  found,  in  con- 
sequence, that  in  the  regular  work  of  locomotives,  it 
might  be  useful  to  adopt  a  blast-pipe  with  a  variable 
orifice,  such  as  we  employed  temporarily  in  our 
experiments.  Then,  by  contracting  the  orifice  of 
efflux  of  the  steam  only  just  as  much  as  is  necessary, 
there  will  be  no  more  resistance  against  the  piston 
than  what  is  indispensable  for  the  proper  action  of 
the  engine. 
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Practical  Table  of  the  prc**uret  against  the  pinion,  due  to 

lite  action  of  the  bUist-pipe. 
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Velocity 

Effective  pressure  arainst 
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\UTICI.F.    1. 

Or   TUB    FRICTION    OF    IXLOAIIIM     bOOOMOTI1 
KMilNl.s. 

Srct.   I.   Of  the  divers  elements  of  the  friction    of 

locomotive  rnijirir.i. 

Aftf.r  having  examined  the  resistance  offered  by 
the  loads  to  he  moved,  it  will  be  proper  also  to 
make  known  the  passive  resistance  or  friction  ol"  the 
movers  which  we  have  to  employ  ;  lor  it  is  only  tin- 
surplus  of  their  power  over  and  above  what  is 
neccssan  to  propel  themselves,  that  these  movers 
can  apply  to  the  drawing  of  burdens. 

While  a  locomotive  engine  is  performing  the 
traction  of  a  train,  it  evidently  requires: — 1st,  a 
certain  force  to  make  the  train  advance,  or  to  over- 
come the  resistance  <>t  all  the  loaded  carriages; 
Sdly,  another  force  to  projwl  itself  by  overcoming 
its  own  friction.  It  is  this  second  force,  that  wliieh 
causes  the  engine  to   move,    which   represents  the 
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on  of  the  engine;  whereas  the  first  is  the  resist- 
ance of  the  load,  and  the  union  of  the  two  efforts 
constitutes  the  total  force  applied  by  the  mover. 

The  friction  of  a  locomotive  engine  is  then  the 
force  it  expends  to  maintain  itself  in  motion  on  the 
rails.  But  that  force  must  clearly  vary  according 
to  the  weight  or  resistance  of  the  load  which  the 
engine  draws.  In  effect,  the-  greater  that  weight, 
the  greater  also  will  be  the  pressure  it  causes  on  the 
axes  of  rotation,  and  on  the  divers  moving  parts  of 
the  apparatus  ;  and  as  the  friction  is  always  in  pro- 
portion to  the  pressure,  it  follows  that  the  friction 
which  takes  place  at  these  points,  must  augment  with 
the  load.  Hence  the  frietion  of  the  engine,  which 
i-  nothing  more  than  the  force  resulting  from  the 
union  of  these  different  frictions,  must  equally 
increase  with  the  load. 

Thus,  we  shall  first  establish  a  difference  between 
the  friction  of  an  engine  unloaded,  and  that  o!  the 
same  engine  loaded. 

On  the  other  hand,  the  force  requisite  to  set  in 
motion  an  unloaded  engine  may  itself  be  decomposed 
into  two  portions  arising  from  two  distinct  080 
1  et,  that  which  is  necessary  to  overcome  the  friction 
of  all  the  parts  of  the  apparatus  itself,  and  which 
would  be  observed  if  the  engine  were  supported  00 
its  axles  and  did  not  propel  its  own  weight  along  the 
rajb  ,  and  2dly,  that  which  is  necessary  to  cx< 
the  progressive  motion,   that   is,   to  overcome    the 
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ictUBE  friction  caused  on  the  axles  ami  w!i 
by  the  weight  of  the  engine,  as  in  other  carriages. 

Finally,  then,  we  will  consider  the  fridi 
locomotive  engine,  under  any  circumstances  what- 
,  as  composed  of  the  three  following  resistances: 

1st.  The  resistance  due  to  the  frictiou  of  its 
mechanical  organs. 

2d.  The  resistance  arising  from  the  weight  of  the 
engine,  considered  as  a  carriage. 

.*Jd.  The  additional  friction,  caused  in  the  engine, 
by  the  load  it  draws. 

1 1  we  knew  these  three  elements  of  the  total 
resistance  separately,  it  is  plain  that  we  could, 
under  all  circumstances,  conclude  from  than  the 
friction  of  a  locomotive  engine  whose  construction, 
weight  and  load,  were  known.  Than  must  then  be 
the  present  object  of  our  inquiry. 

To  attain  our  end,  we  shall  first  seek  to  determine 
the  friction  of  unloaded  endues,  which  is  the  sum 
of  the  two  first  of  the  resistances  mentioned  abo 
and  deducting  from  this  the  resistance  of  the  engine 
considered  as  a  carriage,  which  may  easily  be  done, 
since  in  this  respect  the  engines  may  be  assimilated 
to  waggons,  we  shall  obtain  the  friction  of  the  I 
clianical  organs  of  the  engine.  Thence  we  shall 
pass  to  the  second  part  of  our  inquiry,  which  will 
consist  in  determining  the  additional  friction  of  the 
engines,  according  to  the  loud  they  draw 
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Sect.  II.   Of  the  different  modes  of  determining  the 
friction  of  unloaded  engines. 

The  force  necessary  to  move  an  unloaded  loco- 
motive engine  may  differ  according  to  two  different 
i  instances: 

1st.  The  steam  remaining  shut  in  the  boiler,  m 
having  DO  access  to  the  mechanism  nor  exerting 
any  pressure  on  it,  so  that  the  progression  of  the 
ine  be  produced  by  an  external  agent. 

2nd.  The  steam  being  the  agent  which  producer 
the  motion. 

The  difference  between  those  two  cases  cannot 
he  very  great ;  for  in  both  circumstances  the  load 
Of  tin-  engine  remains  the  same,  being  uo  Other 
than  its  own  weight.  Besides,  whatever  be  the 
means  that  make  it  move,  it  goes  forward ;  thus 
at  each  turn  of  the  wheel  there  is  a  complete 
revolution,  and  therefore  a  complete  friction,  of 
all  the  mechanism.  The  steam,  in  order  to  move 
the  engine,  would  have  applied  a  certain  force. 
That  force  would  have  produced  pressure,  and  con- 
sequently proportional  friction,  on  all  the  points 
compressed.  Now,  the  moment  wc  make  the 
engine  advance,  we  apply  a  force  equal  to  that 
which  the  steam  would  have  applied.  Thus  wc 
produce  on  all  the  joints  the  same  pressure,  and 
consequently  the  same  friction,  as  the  force  ot  the 
sleam    would    have   produced.      Of  all    these  joints 


204 


C  HAITI:*     VIII. 


or  moving  parts,  it  is  only  those,  therefore,  whereon 
the  steam  nets  in  a  direct  and  particular  nu 
which  are  not  equally  compressed  in  both  case*. 
These  parts  being  strongly  pressed  one  against  the 
Other  when  tin:  Steam  is  admitted  into  the  cylinders, 
cease  to  experience  that  pressure,  and  in  conse- 
quence ha?e  indisputably  less  friction,  when  the 
■team  takes  no  part  in  creating  the  motion.  But 
the  parts  on  which  the  steam  exerts  a  direct  pres- 
sure are  merely  the  two  slides. 

'Hie  surface  of  the  slide,  on  which  the  pressure  of 
the  steam  acts,  is  generally  7^  inches  by  6,  or  45 
square  inches;  which  makes  90  square  inches  for 
the    two   slides.      When    we    suppose    the    en 

ii",  and  without  drawing  any  train  after 
it,  we  cannot  suppose  that  the  effective    prei 
of  the    steam    in    the    boiler    need    be   more   than 
10  lbs.  per  square  inch.     We  shall  see  by  experi- 
ment that  it  may  be  no  more  than  4  or  ">  tl»-       The 
pressure  made  by  the  steam  on  the  slides  is  then. 
at    most,   900  lbs.      Taking   the    friction   of  I 
against  iron,  polished  and   lubricated   with  oil,   at 
i\>  of  the  pressure,  it  would  be  a  friction  of  90  lt<-. 
But  it  is  well  known  that  a  force  applied  at  one 
point  Of  an  engine,  when   transmitted    to   another 
point   of  the  aUM   engine,  chants   its   intensity   in 
I  he  inverse  ratio  of  the  velocity  of  the  jioiiiU  I 
-.id*  red.       The   slide    moves   but   8   inches    at    i 

Its  of  the   piston,  or  \  loot  at  each   turn  of  the 
wheel,  that  i^  lo  Sty,  it  ii.i verses  but  $  a  foot,  v. 
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tin-  engine,  baring  a  wliecl  of  ■>  feel  in  diameter, 

advances  15*71  feet.     The  friction  of  the  slide, 

fore,  considered  as  opposing  the  motion  of 

the  engine,  creates  at  most  a  definitive  resistance 

°f  Dut  ^ — -,  ,  -■ , .  or  about   3  lbs.      Whence    it   is 

seen  that  in  practice  the  friction  determined,  either 
in  the  But  case,  or  in  the  second,  may  be  con- 
sidered as  the  true  friction  of  the  engine  when  it 
draws  no  load. 


Sect.  III.  FriclOtl  of  the  engines  determined  by  the 
smallest  pressure  of  steam  necessary  to  keep  them 
in  motion. 

The  reflections  developed  above,  and  tending  to 
prove  that  the  force  necessary  to  move  an  engine  is 
iWy  the  same,  whether  the  power  of  the  steam 
itself  be  employed    to   set    it    in    motion,    or   any 
_  external  agent  be  used,  gave  us  three  means  of  at- 
taining the  knowledge  of  the  friction  of  the  engines 
when  drawing  no  load.     The  first  consisted  in  seek- 
ing what  was  the  least  pressure  of  steam  requisite 
for  a  locomotive  to  maintain  itself  in  motion  on  the 
rails,  when  it  had  no  more  than  its  own  friction  to 
overcome ;  the  second  was  the  use  of  the  dynamo- 
meter; and  the  third  was  the  method  of  the  angle 
0)  friction,  already  employed  with  respect  to  wag- 
All  three  were  tried  successively. 


ITER     Vltl. 


The  principle  on  which  the  first  oftnOM  methods 
is  founded  is  this:  it  i  a,  exerting  a  known 

■live  pressure  per  square  inch,  or  per  unit  of 

■00  of  the  piston,  bo  found  sufficient  lo  I. 
the  engine  in  motion,  at  a  velocity  however  small, 
hut  yet  at  a  uniform  velocity,  it  follows  that  the 
effort  then  develojK-d  is  just  sufficient  to  hold  the 
friction  of  the  engine  in  equilibrio ;  for  if  it  were 
greater,  the  velocity  would  increase,  and  were  it 
less,  the  velocity  would  diminish.  In  this  case, 
then,  in  order  to  obtain  the  of  the  friction, 

it   suffices  to  calculate  the  effort  applied  by  tin- 
engine,  which  is  easy,  since  the  area  of  the  two 
is  known,  as  well  as  the  pi  exerted 

by  the  steam  |)er  square  inch  of  their  surface. 

It  must  only  be  observed,  according  tn  the  prin- 
ciple already  mentioned,  that  the  pressure  exerted 
on  one  part  of  an  engine,  on  being  transmitted  to 
another  pari  <-i  I  lie  MBM  I  nirine,  reduces  itsell  in 

inverse  proportion  of  the  velocity  of  the  point* 
of  application.  In  the  case  before  us,  the  velocity 
of  the  engine  is  I<>  that  of  the  piston,  as  the  circum- 

ice  of  the  wheel  is  to  twice  the  stroke. 

1  >n  makes  two  strokes  while  the  wheel  jx-rforms 
one  turn.  A  force  applied  on  the  piston  produces 
then,  for  the  progression  of  the  engine,  only  a  force 
reduced  in  the  inverse  proportion  of  these  velocn 
that  in  to  say,  as  twice  the  stroke  is  to  the  circum- 
ference of  the  wheel. 
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Let  d  be  the  diameter  of  the  piston,  bird*  will  be 
the  area  of  one  of  the  two  pistons;  P—p  being  the 
rj/'eciive  pressure  of  the  steam  per  unit  of  surface, 

W  (P-p) 

will  be  the  effective  pressure  on  both  pistons.  If, 
moreover,  /  express  the  length  of  the  stroke  of  the 
piston,  and  D  the  diameter  of  the  wheel,  the  effec- 
tive force  of  translation  resulting  for  the  engine,  in 

virtue  of  this  pressure,  will  be  then 


$*d>(P-p)  X 


21 
ttD 


or 


(P-P)  UP 


which,  from  what  has  been  said,  will  give  the 
measure  of  the  friction  of  the  engine. 

It  must  be  noted,  that  the  pressure  of  the  steam 
in  the  cylinder  is  here  taken  as  equal  to  that  which 
exists  in  the  boiler.  The  reason  of  it  is  that,  in 
the  experiments  which  we  shall  have  to  make  by 
that  mode,  the  motion  of  the  engines  being  always 
extremely  slow  and  the  regulator  entirely  open,  the 
two  pnamna  will  have  time  to  settle  in  cquilibrio, 
and  therefore  will  be  equal  to  each  other. 

To  ascertain  the  smallest  pressure  capable  of 
moving  the  engine,  it  was  necessary  to  take  that 
engine  at  a  time  when  it  was  producing  steam  at 
a  very  low  degree  of  elasticity.  The  evening,  after 
the  work  was  <loiu\  and  the  tire  thrown  out  of  the 
fire-box,  when  the  water  in  the  boiler  was  beginning 
to  lose  its  heat,  and  the  steam  arising  from  it  was 
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gradually  losing  itB  force,  was  the  moment  favour- 
able f»r  trying  the  smallest  pressure  at  which  the 
engines  could  move  along  the  rails.  The  sprinir- 
balance.  which  closed  the  salet\  -valve,  showed  the 

I  i  -sure  of  the  steam  in  the  boiler,  by  loosening 
the  spring  till  it  was  precisely  in  equilibriu  v>  1 1 1 1 
that  pressure ;  and  to  make  the  observation  more 
sure,  the  engine  was  immediately  brought  to  the 
stationary  syphon-muiiomeU-r,  and  that  instrument 
gave  the  true  pressure  per  square  inch  in  the  boiler 

at  the  moment  of  the  experiment    In  this  manner 

wire  made  the  following  experiments,  of  which  we 
shall  only  give  the  first  in  detail. 

On  the  oth  July,  1834,  the  engine  Atlas,  cylin- 
der 12  inches,  stroke  of  thfl  piston  Hi  inches,  might 

I I  "40  tons,  wheels  5  feet.  I  v.l,c.N  coupled,  ss;c- 
submitted  to  the  experiment  separate  from  its 
tender. 

The  spring  of  the  balance  being  loosened  more 
and  more,  to  show  the  pressure  of  the  steam  in  the 
Ikjilcr,  as  it  gradually  lowered,  the  following  ti 
were  made. 

At  '2  lbs.  of  pressure  marked  on  the  balance,  thfl 
engine  moved  forwards  and  backwards,  passing  from 
to  motion.  Of  -iiriuounthig,  Itesidcs  the  friction, 
what  is  called  the  via  incrti/r  of  the  mass  of  thfl  BD> 
gine  ;  that  is  to  s.u  .  nut  only  preserving  an  acquired 
velocity,  but  ■conning  it;  which  proves  an  excess 
in  the  moving  power  tbovfl  thfl  rOBJstBnCQ, 

At  lit),  of  present.-  similarly  marked,  the  engine 
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started,  pitting  again  from  the  state  of  rest  to  that 
of  motion. 

The  pressure  still  lowering  a  little,  and  the  balance 
Ix-ing  at  zero,  the  engine  continued  to  move.  At 
this  moment  it  was  brought  under  the  manometer. 
The  instrument  marked  4  lbs.  of  effective  pressure 
[it: tit-  inch  in  the  boiler,  the  valve  lluu  bearing 
merely  the  weight  of  the  lever  or  something  less, 
wfakfa  was  not  discernible  on  the  balance,  as  the 
lowest  pressure  it  CDIttd  indicate  was  that  of  the 
lever. 

The  cylinder  being  12  inches  in  diameter,  the 
area  of  the  two  pistons  was  226  square  inches. 
Thus  a  pressure  of  4  tbs.  per  square  inch  produced 
on  the  piston  a  force  of  226x4=904  lbs.,  that  is 
to  say,  it  could  move  a  resistance  of  904  lbs.  at  the 
velocity  of  the  piston.  But  at  the  velocity  of  the 
engine,  which  is  greater  in  the  proportion  of  the 
circumference  of  the  wheel  to  twice  the  stroke,  or 
1571 


in  the  ratio  of 


2  X  1  88 


=  5887,   that   same  force 


,  904  lbs.      ,;, 
could  overcome  only  a  resistance  of    e.gg?   —  I  &4 

II,, 

Thus,  as  we  have  seen  that  the  engine  still  moved 
at  the  moment  when  it  was  put  under  the  mano- 
meter, though  the  pressure  was  then  reduced  to 
1  Its.,  it  is  plain  that  the  resistance  of  the  engine 
did  not  exceed  1 54  lbs. 

This  first  experiment   had  been  made  with  the 
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engine  separate  from  its  tender,  with  a  view  not  to 
entangle  one  resistance  with  another ;  but  wishing 
to  apply  it  to  lighter  engines  with  uncoupled  wheels, 
an  inconvenience  occurred.  The  pressure  necessary 
to  move  the  engine  alone  without  tender  was  so  low 
that  the  spring-balance  could  not  indicate  it.  that 
Willi:  being  less  than  the  weight  of  the  lever 
itself.  Another  inconvenience  of  this  low  pressure 
was,  that  it  could  not  be  obtained  till  tin-  moment 
when  the  lioiler  produced  no  steam  at  all;  so  that 
the  pressure  was  then  lowering  so  rapidly  tliat  tin- 
accuracy  of  the  experiment  could  not  be  de- 
pended on. 

Hut  as  the  resistance  of  the  tender-carriage  mi 
easily  be  calculated  from  the  experiments  made  on 
the  friction  of  the  carriages  already  inserted  above, 
it  was  easy  to  take  account  of  it.  Thus  the  tender 
being  left  attached  to  the  engine,  the  e.v|>eriments 
ottered  the  same  degree  of  accuracy,  with  gr< 
facility  in  observing  the  pressure  of  the  steam. 
Tor  this  reason,  in  the  following  exjieriments  the 
tender-!.  was  no  longer  separated  from  the 

engine. 

These  experiments  were  made  in  a  manner  entirely 
similar  to  the  one  wc  have  just  explained ;  save, 
that  (o  deduce  from  them  the  friction  proper  to  the 
engine  itself,  we  subtracted  for  the  traction  of  the 
tender,  first  fj  lbs.  per  ton,  and  again  1  lb.  per  ton 
for  the  (iilditioiml  I'riction  which  every  ton  of  that 
load  produced  in  the  engine,  according  to  what  will 
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be  seen  in  the  second  article  of  this  chapter.  We 
shall  only,  therefore,  present  in  the  following  Table 
the  elements  and  the  results  of  these  experiments. 
We  have  neglected  the  resistance  due  to  the  blast- 
pipe,  on  account  of  the  slowness  of  the  motion,  and 
especially  of  the  little  vaporization  which  took  place 
in  the  boiler. 
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Sect.  IV.   Friction  of  the  engines,  determined  by  the 
dynamometer. 

At  the  same  time  that  the  friction  of  the  engines 
was  determined  in  this  manner,  other  essays  were 
also  made  to  obtain  the  valuation  of  that  friction  by 

means  of  the  dynamometer. 

On  the  22nd  of  July,  the  engine  Vulcan,  cylinder 
11  inches,  stroke  16  inches,  wheels  .r>  feet,  weight 
834  tons,  one  pair  of  wheels  only  worked  by  the 
piston,  being  ready  to  start  for  Manchester,  its 
boiler  full  of  water,  and  fire-box  full  of  coke,  s\;is 
separated  from  its  tender.  A  circular  spring-balance 
was  fixed  to  the  engine,  and  a  lever  passed  through 
the  ring  of  'the  balance,  for  two  men  to  draw  the 
engine  by  means  of  the  lever. 

The  engine  was  first  set  in  motion  by  five  or  six 
men.  As  soon  as  the  first  impulse  was  given,  the 
two  men  at  the  lever  kepi  it  in  motion  without 
difficulty  at  the  velocity  of  between  2  and  3  miles 
per  hour.  The  style  of  the  balance  oscillated 
considerably ;  it  went  generally  from  130  lbs.  to 
170  lbs.,  giving  a  mean  traction  of  1  :">()  lbs. 

The  balance  was  then  taken  oft"  the  front  of  the 
engine  and  fixed  on  the  hinder  part,  then  turned 
towards  Liverpool,  and  the  same  experiment  re- 
newed  gave  a  mean  traction  of  140  lbs.  The  style 
still  oscillated,  in  general,  some  twenty  pounds  above 
and  below  that  point. 

Mean  of  these  two  experiments  145  tl<s 
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The  engine  was  ready  to  start,  and  had  already 
runs  on  the  r.iK  to  gel  up  the  tiro  and 
till  the  boiler.  Tims  the  greases  which  served  to 
lubricate  the  rubbing  parts  were  melted,  and  the 
oils  quite  liquid.  But  the  experiments  being  made 
within  the  enclosure  of  the  station,  on  a  place  of 
continual  thoroughfare,  whin;  the  rails  are  < 
stantly  covered  with  cinders  and  dirt,  this  circum- 
stance must  have  greatly  augmented  the  resistance 
to  the  motion. 

We    here    subjoin  the  Table  of  three  other  ex- 
IHuiiiunts,  made  in  a  similar  manner. 


Experiments  on  the  friction  of  unloaded  locomotive  engine*, 
by  the  dynamometer. 
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Sbct.  V.    Friction   of  the  engines,  determined  by  the 
angle  of  friction. 

The  results  obtained  liy  the  dynamometer  were 
not  very  far  different  from  those  obtained  by  the 
least  pressure;  but  as  in  all  these  experiments,  the 
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style  of  the  balance  oscillated  exceedingly,  in  con- 
sequence of  the  little  inequalities  of  the  way,  or  the 
jerks  given  by  the  men  who  drew  the  engine,  it 
was  very  difficult  to  ascertain  the  mean  traction. 
It  was  very  desirable,  therefore,  to  determine  the 
friction  of  the  engines  by  a  different  method,  in 
which  that  cause  of  error  should  not  exist. 

For  this  reason  the  engines  were  submitted  to  the 
MUM  experiments  that  had  served  to  determine  the 
friction  of  the  waggons. 

These  experiments  having  been  made  and  calcu- 
lated exactly  like  those  on  the  waggons,  we  shall 
merely  give  their  results  in  the  following  Table. 
unit  was  taken  of  the  resistance  of  the  air 
against  the  wheels,  in  the  same  manner  as  in  the 
experiments  on  the  friction  of  waggon-. 


216 


I   II.UTKIl     VIII. 


.  »  C 


8*    5*aa 

(2  =    g«*« 


hi 


I  2 


i   g 


ill 

Slli 


2    3 
8     2 


§ 


8  0* 


£   ^     —      e» 

•s  £    S    S 


s   8   r.   9   5 


Ibl 

!f*i 


J  §   -   |     s 


•II 

I  if 

III 


?      9      ?  ? 

3    3    3       3 


I 


M         OC         CO 


3    3 


r>      «      m      t> 


N. 


is  | ! 


1 1  * 


?   o 


* 


j 


3  3  I 


»      ■<      -! 


■*? 
II 


5  5  2     5 


11 


I 
i 


5  5 


-  - 


!  I 


i 


j    -    d       — 


H 


FRICTION    OF    UNLOADED    ENGINES.  217 

Sect.  VI.  Table  of  the  results  of  the  preceding  ex- 
periments on  the  friction  of  unloaded  engines. 

Finally,  for  the  convenience  of  making  researches, 
we  unite  the  results  of  these  different  experiments 
in  one  Table. 
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In  all  these  experiments  we  find  that  those  made 
on  the  inclined  plane  give  less  friction  than  those 
made  in  the  enclosure  of  the  station,  whether  by  the 
dynamometer  or  by  the  least  pressure.  This  result 
DM  already  been  explained  l>y  the  Bind,  cmdcis,  Qf 
mud,  which  always  cover  the  rails  at  the  station ; 
but,  on  the  other  hand,  in  the  experiments  made  on 
the  inclined  planes,  if  the  regulator  of  the  engine 
did  not  close  the  passage  hermetically,  a  Blight 
escape  of  steam  may  have  taken  place  in  the  cy- 
linders, and  in  a  certain  di  irrcc  favoured  the  motion 
of  the  engine.  The  results  then  of  the  two  modes 
of  experiment  deviate  contrary  ways,  and  the  dif- 
leivuce  between  them  not  being  virv  considerable, 
we  liave  reason  to  tlunk  that  their  mean  gives  the 
result  required  with  an  accuracy  sufficient  for 
practice. 

Examining  these  experiments,  to  deduce  from 
them  a  general  datum,  and  leaving  out  the  engine 
Vesta,  which  was  found  to  be  in  an  exceptional 
case,  we  perceive  that  engines  such  as  the  Sun, 
FreilXT,  Vulcan,  Fury,  Lbkds,  and  Jupiter,  of 
an  average  weight  of  8  tons,  and  with  four  wheels 
not  coupled,  have  a  mean  friction  of  104  DM. 

That  the  engine  Atlas,  of  the  weight  of  1 1  tons, 
having  six  wheels,  four  only  of  which  are  conical 
and  with  flauges,  but  coupled,  has  a  friction  of 
139  lbs. 

And  finally,  that  the  engine  Star,  of  the  weight 
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of  1 1  tons,  with  six  flanged  wheels,  has  a  friction  of 
176  lbs. 

We  shall  presently  see  that  these  differences  de- 
pend in  part  on  the  might  of  the  engines.  Hut  it 
will  readily  he  conceived  that  the  friction  being 
influenced  by  so  many  different  circumstances,  it  is 
impossible  to  imagine  that  it  can  be  identically  the 
same,  not  merely  in  engines  of  a  different  con- 
struction, but  even  in  engines  |ierfectly  similar  to 
each  other,  and  coming  from  the  very  same  builders. 
The  observed  differences  ought  not  then  to  surpi 


Sbct.  VII.  Of  the  friction  of  the  mechanical  org 
of  the  engine,  and  of  its  friction  an  a  carriage. 

In  the  preceding  paragraphs  we  have  determined 
the    friction    of  unloaded   engines;    but    we    ! 
already  said  that  this  friction  is  composed  of  two 
parts,  viz.,  the  resistance  arising  from  the  w«  i 
itself  of  the  engine,  considered  «is  a  heavy  cei 
to  be  drawn  along  the  rails  ;  and  that  which  results 
from  the  friction  of  the  different  parts  of  the  me- 
chanism, and  which  would  equally  take  place  if  die 
progressive  motion  did  not  exist.     As  the  first  of 
these   two    forces   varies  with   the  weight  of  the 
engine,   and   as  the  second,  on   the  contrary,  is 
nearly  constant  for  engines  of  the  same  pvoportkne, 
it  will  be  proper  now  to  estimate  them  severally  in 
the  total  friction  of  the  unloaded  engine. 
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We  have  seen  above  that  locomotives  each  as 
Sun,  Fikekly,  Vulcan,  Fukv,  Leeds,  and  Ju- 
piter, have  a  mean  friction  of  104  lbs.  In  the 
state  in  which  those  engines  were  submitted  to  ex- 
periment, their  load  was  their  own  weight.  Now  we 
know  that  a  weight  of  1  ton,  carried  on  waggons 
with  springs  as  we  have  described,  opposes  to  the 
traction  on  a  railway  a  resistance  of  6  lbs.,  and  we 
shall  presently  see  that  the  effort  of  this  traction 
Creates,  moreover,  in  the  engine,  an  additional  fric- 
tion of  "162  X  (>  lbs.  =  97  lb. ;  which  makes  in  all 
7  lbs.  per  ton.  On  the  other  hand,  the  engines, 
idered  as  carriages,  are  of  a  construction  quite 
similar  to  that  of  the  waggons.  The  wheels  and 
axle-trees  have  not  indeed  the  same  dimensions  in 
both  cases.  In  the  engines,  the  axle-bearings  are 
somewhat  thicker  in  proportion  to  the  diameter  of 
the  wheels,  which  is  disadvantageous  as  to  the 
friction  on  the  axle,  but  the  difference  is  trifling  j 
and  again,  the  wheels  of  the  engines  being  larger, 
offer  somewhat  less  resistance  as  to  the  friction  of 
rolling.  Besides,  they  are  greased,  and  kept  with 
more  care.  We  may  therefore,  without  any  im- 
portant error,  assimilate  the  engines  to  waggons 
with  reference  to  their  friction  as  carriages.  Then 
it  will  be  easy- to  deduce  from  the  total  friction  of 
the  engine  the  portion  attrihutable  to  its  weight, 
and  the  remainder  will  be  the  friction  of  the  ma- 
chinery. The  engines  which  have  just  occupied 
our  attention,  and  whose  friction  is  104  lbs.,  are  of 
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the  average  weight  of  8  tons  |  they  create  then,  as 
carriages,  a  total  resistance  of  56  lbs.,  and  on 
quently    the    friction    of  their    mechanical    organs 
amounts  to  48  tbs. 

As  to  tin;  Atlas  engine,  the  passive  resistance  of 
which  is  139  tbs.,  the  same  calculation  makes  t in- 
unction of  the  mechanical  organs  amount  to  59  Ihs. ; 
and  there  is  room  to  think  that  the  excess  of  this 
number  above  the  preceding  depends  on  the  coup! 
of  the  wheels  of  the  engine. 

With  reaped  to  the  engine  Star,  we  can  draw  no 
conclusion,  for  want  of  knowing  precisely  the  fric- 
tion of  a  carriage  borne  on  six  flanged  wheels,  as 
that  engine  is. 

These  calculations  MithoriM  us  then  to  consider 
the  resistance  of  the  mechanical  organs  in  engines 
Of  the  kind  described  above,  and  win  n  m  '_'ood 
order,  as  being  at  a  medium  from  48  to  59  lbs. 

Consequently,  to  value  in  pounds  the  Irietion  of 
an  unloaded  locomotive  engine,  the  Dumber  48|  04 
the  number  59,  which,  according  as  the  engine  has 
Ml  wheels  unconnected  or  coupled,  represents  the 
friction  of  its  mechanical  organs,  must  be  added  to 
its  total  friction  as  a  carriage,  which  is  no  other 
than  the  product  of  its  weight  expressed  in  tons  by 

the  Dumber  7. 

The  same  result  will  be  attained  approximate. 
bj  -imply  taking  the  friction  of  the  engine*  at  1  5 
Dei  ton  of  their  weight,  thai  is.  at  twice  and  a  half 
the  friction  of  the  waggons, 
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This  manner  of  estimating  the  friction  of  the 
engines  is  useful  whenever  it  is  wished  to  calculate 
the  effect  that  may  be  expected  from  them,  without 
having  recourse  to  an  immediate  experiment.  But 
it  is  et>]iecially  necessary,  when,  l>efore  constructing 
a  locomotive,  it  is  required  to  determine  the  pro- 
portions it  ought  to  have  in  order  to  produce  desired 
effects.  In  this  case,  indeed,  the  calculation  cannot 
be  performed  without  employing  in  it  the  presumed 
friction  of  the  engine,  and  as  the  weight  intended 
for  the  engine  is  always  decided  previously,  it  will 
Ik:  easy  to  derive  the  friction  it  will  have,  if  it  be 
properly  constructed. 


ARTICLE  II. 
or  tub  ADDITIONAL  friction  ok  i.oadrd  LOCO 

MOTIVE    ESQ  INKS. 

Sf.ct.  I.   Of  the  mode  of  determination. 

We  have  just  determined  the  trietioii  of  loco- 
motive engines  when  they  draw  no  load  but  their 
own  weight.  But  those  engines  are  never  employed 
in  that  way,  and  we  have  shown  that  the  friction  of 
the  same  engine  must  become  greater  as  it  drawB  a 
greater  weight ;  because  the  augmentation  of  weight 
increases  the  pressure  exerted  on  the  different 
moving  j>arts  of  the  apparatus,  and  with  the  pj 
sure  increases  necessarily  also  the  corresponding 
friction.     We    shall    now,  therefore,    endeavour    U> 


224 


CHAPTER     VIII 


detenu i lie  the  precise  value  of  this  surplus  of  re- 
sistance produced  in  the  engine  by  virtue  of  the 
load  which  it  draws. 

When  an  engine  performs  the  traction  of  a  train, 
the  pressure  of  the  steam  in  the  boiler  is  km 
from  inspection  of  the  maoometoc  or  of  the  balance 
of  the  safety-valve.  But  the  pressure  of  that  steam 
in  the  cylinder  is  not  known,  because  in  passing 
from  the  boiler  to  the  cylinder  it  alters  its  elastic 
force,  as  will  be  seen  further  on.  If  the  pressure  in 
the  cylinder  could  be  known  d  priori, — if,  for  in- 
stance, it  wen  possible  to  apply  a  manometer  to 
the  cylinder,  then  would  immediately  be  deduced 
what  is  the  friction  of  the  engine  corresponding  to 
that  load. 

In  effect,  si  hypothesis  the  pressure  in  tin- 

cylinder  or  on  the  piston  would  be  known,  calcu- 
lating the  total  effect  of  that  pressure  on  the  area  of 
the  piston,  we  should  have  the  exact  valuation  of 
the  power  applied  by  the  engine.  Now,  from  other 
sources  ifl  known  also  the  resistance  opposed  to 
the  motion,  for  it  consists  of  the  gravity,  the  fric- 
tion of  the  train,  the  resistance  of  the  air,  the 
resistance  caused  by  the  blast-pipe,  and  the  friction 
of  the  engine. 

Betides,  if  the  engine,  in  drawing  this  load,  were 

constantly    to    increase    its    velocity,    there    would 

plainly  be  excess  of  the  power  over  the  resistnno-  . 

if,  on  the  contrary,  the  velocity  were  gradually  to 

en,  the  power  would  \x-  inferior  to  the  resist- 
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ance ;  l>ut  it"  tin-  engine  be  observed  at  a  moment 
when  it  lias  acquired  a  certain  uniform  velocity,  and 
that  velocity  be  maintained  without  alteration,  the 
effort  then  applied  by  the  engine  must  necessarily 
be  precisely  equal  to  the  resistance  which  is  op- 
posed to  it ;  for,  were  it  not  so,  there  would  be 
acceleration  or  retardation  of  motion. 

Thus,  the  effort  applied  by  the  engine  and  tlu. 
resistance  opposed  to  the  motion  would  be  known, 
and  by  making  these  two  quantities  equal  to  each 
other,  we  should  thence  deduce  the  friction  proper 
to  the  engine. 

This  mode  then  would  give  immediately  the  fric- 
tion of  the  engine,  if  the  pressure  in  the  cylinders 
were  known. 

But  there  are  cases  wherein  the  pressure  in  the 
cylinder  is  in  etli H  t  known  a  priori,  and  is  no  other 
than  the  pressure  in  the  boiler  itself.  These  cases 
are  those  wherein  the  engine  attains  the  limit  of  its 
power  with  the  pressure  at  which  it  works,  that  is 
to  say,  when  it  draws  the  greatest  loud  it  can  draw 
with  that  pressure. 

In  effect,  since  by  hypothesis  the  engine  has 
attained  the  limit  of  its  power,  the  pressure  in  the 
cylinder  cannot  be  less  than  in  the  boiler ;  for  if  it 
by  diminishing  the  velocity,  which  is  the  only 
obstacle  to  the  equilibrium  of  pressure  beiin.'  esta- 
blished between  the  two  vessels,  we  might  give  the 
Steam  time  to  rise  in  the  cylinder  to  a  pressure  equal 
10  thai  ol  the  boiler,  and  then  the  effect  would  be 
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augmented.  That  is  to  say,  the  engine  would  draw 
a  greater  load,  which  is  against  the  hypothesis.  On 
the  contrary,  as  soon  as  the  pressure  in  the  cylinder 

is  become  equal  to  that  of  the  boiler,  no  subsequent 

diminution  of  velocity  will  admit  of  increasing  the 
load ;  for  that  increase  of  load  requires  an  increase 
of  intensity  in  the  motive  force,  that  is,  in  the 
pressure  of  the  steam  on  the  piston,  which  is  no 
longer  possible. 

Thus,  in  the  ease  wherein  the  maximum  load  of 
the  engine  is  attained,  we  know  «  prior/  the  ellbrt 
applied,    and   can,    as   has    been    explained    al>< 
deduce  from  thence  the  corresponding   friction    of 
the  engine. 

Sup|x>se  then,  in  an  experiment,  this  limit  of  the 
power  of  the  engine  to  be  attained.  Let  d  be  the 
diameter  of  the  piston,  and  w  the  ratio  of  the  cir- 
cumference to  the  diameter,  lird"1  will  be  the  area 
of  one  piston,  and  Axd1  the  area  of  the  two  phtoOH 

together.  Again,  let  il'—p)  be  the  effective  prat 

of  the  steam,  jkt  unit  of  surface,  during  the  experi- 
ment ;  it  is  clear,  from  what  has  been  said  above, 
that  iirrf*  (F— p)  will  be  the  force  which  was  then 
applied  on  the  piston. 

Calling  D  the  diameter  of  the  wheel,  and  /  the 
length  of  the  stroke,  that  force  applied  on  the 
piston  was,  on  transmitting  itself  to  the  engine, 
reduced  in  the  ii  alio  of  the  respective  vcloci- 

2/ 
ties,  or  in  the  ratio  — -.    Thus,  after  transmission 

to  the  en  had  for  its  expression  : 
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W  (P-/>)  ^=  (P-fO  t£- 

Tbifl  is  then  the  expression  of  the  force  of  traction 
applied  to  the  progression  of  the  engine. 

Again,  expressing  by  p'v  the  effective  pressure 
produced  on  the  opposite  face  of  the  piston  by  the 
action  of  the  blast-pipe,  the  resistance  thence  re- 
sulting against  the  progression  of  the  engine  was 

Similarly,  M  being  the  weight  of  the  load,  and  m 
that  of  the  engine,  both  expressed  in  tons,  g  the 
gravity,  in  pounds,  of  a  ton  placed  on  the  inclined 
plane  of  the  exj>eriment,  and,  in  fine,  *  expressing 
the  friction  of  the  carriages  per  ton, 

(ft  +  g)  M  +  gm 

was  the  resistance  opposed  by  the  friction  and  the 
gravity,  in  ascending  the  inclined  plane.  Finally,  if 
uv*  represent  the  resistance  of  the  air,  at  the  velo- 
i  it  ■■  of  the  motion,  and  X  the  unknown  friction  of 
the  loaded  engine,  wc  sec  that 

(ft  +  g)  M  +  gm  +  UV*  +  p'v^  +  X 

the  total  resistance  opposed  to  the  motion  of  the 
one, 

As  wc  have  seen  that,  by  reason  of  the  uniformity 
of  the  motion,  the  power  was  equal  to  the  resistance, 
it  follows  that  we  had 
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wr* 


0»_f)  *£.«(*  +  g)  M  +  gm  +  uv*+  p'v^  +  X, 

iscquently,  in  tine, 

X=  (V-p-pv) ^- -(*  +  *)  M-gm- 

ton   L-ives  the    friction    of 
I"  kM  engine. 

To  apply  this  expression  to  the  numerical  dctcr- 

min.iiion  til  ill-  i  I'ii  tion.  attention  must  he  paid  to 

tin-   manner  of  expressing   the   different  quant' 

«ont;uind  in  it.      I'  represents  the  total  press u re  of 

;n  in  the  l-oihr.  p  the  atmospheric  pressure, 

ami  p'v  the  effective  pressure  owing  to  the  blast- 

pijK'  j  ami  these  forces  act  against  the  surface  of  the 

a      That,  ucconling  as  they  are  expressed  In 

pounds  per  square  inch,  or  in  pounds  per  square 

bat,  the  diameter  </  of  the  piston  must  be  measured 

in  inches  or  in  t.  ngth  /  of  the  stroke,  and 

Um  .li.uiii'.i    |)  of  tin-  wheel,    must  he    expressed 

either    liolh   in    feet    or    botfa   in    inches,    which    \< 

indifferent,    since  the  equation  contains  only  their 

ratio.   The  <|ii;mtitics  k,  g  and  uv*  must,  as  we  have 

be  aoqpNMod  In  povsda,  and  in  fine  the  defmi- 

..tine  ol  X  will  equally  he  expressed  in  pounds. 


Sect     II     Experiments  on  Ihe  additional  friction  of 
locomotive  engines. 

I  inula  which  we  have  just  obtained 
U-.  and  easily   llie  friction  of  the  en. 

il   cases  when  it  has  attained  the  limit  of  its 
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power.  All  that  remains  to  do,  then,  is  to  attain 
that  point.  In  consequence,  we  undertook  a  series  of 
Miuints,  sometimes  taking  the  loads  as  great  as 
the  engine  could  draw,  at  other  times  limiting  our- 
selves to  a  moderate  load,  hut  lowering  the  pressure 
in  the  hoiler  by  means  of  the  safety-valve,  as  much 
as  possible  without  stopping  the  train. 

'Hie  experiments  in  question  were  made  on  three 
inclined  planes  of  the  Liverpool  and  Manelu 
Railway,  viz.:  on  the  inclined  plane  of  Sutton, 
inclined  „'.,,  on  that  of  IVIiislnn,  inclined  .,', ,  and 
on  the  acclivity  of  Chatmos.*,  rising  f^n>-  h*  ' '~1'- 
mating  the  resistance  on  these  planes,  wc  took 
account  of  the  gravity,  as  has  been  indicated  in 
Chapter  VI.  As  to  the  resistance  of  the  air  and 
that  of  the  blast-pipe,  we  used  the  practical  Tables 
which  we  have  given  on  the  subject.  For  that 
purpose,  we  note,  in  each  experiment,  the  elements 

proper  for  the  use  of  the  Tables,  viz.:  the  velocity  <>i 
the  engine,  the  mean  vaporization  of  the  hoiler,  I  he 
area  of  the  blast-pipe,  and  the  nature  of  the  train  in 
motion.  Willi  these  data,  there  is  no  difficulty  in 
finding,  without  calculation,  the  quantities  which 
we  have  expressed  above  by  ut*  and  p'v;  and  sub- 
stituting them,  with  the  dimensions  of  the  engine 
and  the  other  data  of  the  problem,  in  the  formula 
developed  above,  wc  thence  conclude  the  additional 
friction  of  the  engine. 

The  results  thus  obtained  in  the  different  experi- 
ments now  before  us,  are  collected  in  a  Table  which 
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we  shall  presently  offer:  to  show  however  the  pro- 
ceeding which   we  have  followed,  and  to  make  the 
nature  of  it  better  understood,  we  will  here  <'- 
the  calculation  of  the  first  of  those  experiments. 

On  the  22d  July,  1834,  the  engine  Vulcan, 
cylinder  11  inches,  stroke  of  the  piston  Hi  inches, 
wheel  5  feet,  weight  8-34  tons,  effective  pressure  in 
the  boiler  then  5745  lbs.  per  Mjttare  inch,  ssceo 
the  inclined  plane  of  Sutton  with  a  train  of  6  6 
class  coaches,  the  mail,  and  two  empty  trucks  ; 
weight  of  the  train,  tender  included,  3907  tons. 
The  velocity  of  26*6  miles  per  hour,  before  reaching 
the  foot  of  the  inclined  plane,  suuk  to  7'5  miles  per 
hour  at  the  top  of  the  plane. 

With   these  data,  we  have  to  calculate    sua 
sivcly   the    effort  applied  by  the  engine,    anil    the 
resistance    which    was    op|>oscd    to    it.       Now,    the 
effective  pressure  observed  in  the  boiler,  was  57-5 
lbs.  per  square  inch.     Moreover,  in  this  engine  the 
diameter  of  the  blast-pipe  was  2*26  inches,  and  the 
mean  vaporization  GO  cubic  feet  of  water  per  hour. 
Consequently,  from  the  Table  given  above,  the  re 
sistance  against  the  piston,  caused  by  the  blast-pipe, 
at  the  velocity  of  7"5  miles  per  hour,  was  l'3lb. 
per  square  inch.     The  real  disposable  force  of  the 
engine  then   was   575—  1  3  =  5G2  lbs.     Tin-    h 
the  quantity  which  wc  have  represented  abov< 
\'-,,-p'v). 

This   premised,   the  effort  exerted   by  the  engine 
might  be  calculated  thus : 
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59 


190  .  .  .  Area  of  the  two  pistons,  in 
square itiehes, multiplied  l>v 
56 '2 tbs.  Real  effective  pressure  of 
the  steam  per  square  inch 
on  the  piston,  gives 
10678  ths.  Force  applied  on  the  pis- 
ton; which,  transmitted  as 
force  of  traction  to  the  en- 
gine,  whose  velocity  is  5'9 
times  as  great,  gives 

=  1810  lbs.     Definitive  effort  applied  by 


the  engine. 


1 7-  11X2240 


89 


On  the  other  hand,  the  resistance  was: 

3907x6=234 lbs.   Resistance  owing  to   the 
friction  of  the  carriages. 

■1193  tbs.  Resistance  caused  by  the 
gravity  of  the  total  mass, 
train  and  engine,  on  the 
plane  inclined  „•*$  ; 
25  tbs.  Resistance  of  the  air  against 
an  effective  surface  of  1 70 
square  feet,  at  the  velocity 
of  7 •5  miles  per  hour. 


145*2  tbs.   Total resistanceof thetrain. 

Consequently,  subtracting  first  the  resistance  of 
the  train  from  the  effort  exerted  by  the  engine,  we 
have 
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1810 
-11452 
358  lbs., 

which  is  the  total  friction  of  the  engine,  corre- 
sponding to  tin-  above  load,  Moreover,  it"  wo  again 
subtract  125  H>s.  for  the  friction  of  the  unloi 

engine,  there  remains 

—125 
2§&flb0.; 

and  this  number  consequently  indicates  the  addi- 
tional friction  created  in  the  engine  by  the  resistance 

of  1452  lbs.  Finally,  then,  the  additional  friction 
created  by  each  |xmnd  of  resistance  or  of  traction 
imposed  on  the  engine,  is 

2.33 


1152 


=  -161  lb. 


The  other  calculations  arc  performed  in  B  manner 
entirely  similar.  For  this  reason  we  content  our- 
selves with  presenting  the  data  and  the  results  of 
them  in  the  fallowing  Tabic. 

We  have  made  a  distinction  between  the  engines 
with  uncoupled  wheels,  and  those  with  coupled 
wheels,  because  it  is  evident  that  in  the  latter, 
whose  winds  arc  held  together  by  connecting  rods, 
the  motion  is  communicated  by  a  greater  Dumber  of 
joints,  and  consequently  all  that  tends  to  produce 
an  additional  friction  must  produce  a  more  con- 
lideruble    one    in    them    than  in  the  engines    with 

tweeted  wheels. 
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From  these  experiments,  we  perceive  that  m 
engines  with  uncoupled  wheels,  the  additional 
friction  created  per  tt».  of  traction  is  137tb.,  that 
is  to  say,  the  friction  is  about  \  of  the  resistance 
imposed  on  the  engine;  and  that  in  engines  with 
con]. led  wheels  it  amounts  to  "3151k.,  or  may  1k- 
taken  ut  half  as  much  more  than  the  preceding. 
It  will  readily  be  conceived,  however,  that  it  must 
vary  with  the  construction  and  state  of  every  en- 
gine.   This  is  observable  particularly  in  the  en 

PA,  which,  at  the  moment  of  the  ex|>criments, 
was  not  in  a  state  of  repair  altogether  satisfactory. 

With  reference  to  the  manner  in  which  the  addi- 
■1  friction  of  engines  ought  to  be  calculated,  we 
have  to  recall  to  mind  that  it  is  to  be  reckoned  on 
every  pound  of  the  Mai  resistance  exerted  against 
the  motion  ;  that  is  to  say,  the  resistance  caused  by 
the  friction  of  the  waggons,  that  of  gravity,  and  that 
ol  tin  atmospheric  air,  must  first  be  calculated,  and 
on  the  sum  of  these  the  additional  friction  of  the 
engine  is  to  be  taken  at  the  rate  already  indicated. 
It  was  in  fact  only  by  first  introducing  these  dif- 
it  resistances  into  the  account,  that  we  have 
attained  the  above  result;  and  consequently  there 
can  be  no  misunderstanding  as  to  the  manner  in 
which  the  calculation  should  be  done. 

With  resjieet  to  the  resistance  created  directly  on 
the  |  ither  by  the  atmospheric  pressure  or  by 

the  pressure  arising  from  the  blast-pipe,  as  these 
forces  arc  destroyed  by  the  opposed  pressure  ol  the 
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strain  immediately,  without  the  interposition  of  any 
action  on  the  part  of  the  mechanical  organs  of  the 
D6,  it  is  evident  that  they  ran  create  no  addi- 
tional friction  in  the  engine.  They  ought  not  there- 
fore to  enter  into  this  account. 


Sect.  III.  New  developemcnts  on  the  mode  of  deter- 
mination employed. 

An  increase  of  friction  in  proportion  to  the  load 
is  founded  on  principle,  as  we  have  proved,  and  the 
mode  of  calculation  which  we  have  used  will  give 
exactly  the  measure  of  it,  provided  the  engine  he 
really  arrived  at  the  limit  of  its  power  with  a  p 
pressure,  that  is  to  say,  at  the  maximum  load  that  it 
can  draw  at  that  pressure.  For  the  cases  in  which 
the  engine  slackened  its  velocity  to  the  rate  of  2  or 
3  miles  per  hour,  that  point  ma  evidently  attained, 
since  the  engine  was  literally  on  the  point  of  stop- 
ping. But  moreover,  it  will  presently  he  seen  that 
for  all  coses  in  which  the  uniform  velocity  did  not 
.-d  10  or  12  miles  per  hour,  we  were  equally 
justified  in  taking  the  pressure  on  the  piston  as 
equal  to  that  in  the  hoiler. 

In  effect,  the  steam  heing  at  a  certain  degree  of 
pressure   in   the   hoiler,  passes  into  the  steam-pipe, 
and  from  thence  into  the  cylinder,  where  it  at  first 
expands,  and  would  promptly  rise  to  tin-  same 
of  pressure  as  in  the  hoiler,  if  the  piston  • 
immovcuhle.     This  piston,  however,  offering  on  tin 
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an,  lint  a  certain  rCHlilttniltfl  determined  by  Un- 
load   which   the  engine  draws,  40tbs.  per  square 
inch  l<;i  instance,  will  recede  as  soon  as  the  elastic 
force  of  the  steam  iu  the  cylinder  shall  hive 
tained  that  point.      A  piston  which  withstands  a 

tancc  .1' but  40  lbs.  per  square  inch,  is  nothing 
more  than  a  valve  loaded  with  -40  lbs.  per  square 
inch.  If  the  communication  between  the  boiler  and 
the  cylinder  were  completely  open  and  without  tube 
or  contraction,  the  piston  would  become  in  real: 
valve  to  the  boiler;  and  that  valve  yielding  hi 
the  safety-valve  which  is  loaded,  for  instance,  with 
50  lbs.  per  square  inch,  the  steam  in  the  hoiler 
could  not  rise  above  40  lbs.  As,  however,  the 
passage  is  contracted,  the  piston  is  not  a  valve 
to   the    boiler]    but    it    still    remains    one  for    the 

cylinder. 

From  these  three  points  it  results:    1st,  that  the 
nire  in  the  cylinder  is  strictly  equal  to  the 
sistance  on  the  piston  ;  'Judlv,  that  it  is  because  the 
piston  •  i  .  r-  way  and  recedes  before  the  steam, 
the  latter  cannot  augment  its  pressure  beyond  that 
point,  and  rise  to  the  pressure  of  the  boiler;  hut  if 
by  any  means  whatever  the   piston  were   rend 
immoveable,  or  only  that  it  did  not  give  way  faster 
than  the  is  generated  at  the  pressure  of  the 

l)oiler,  ait  equilibrium  of  pressure  would  at  once  be 
|j  ihed  between  the  cylinder  and  the  boiler;  end 
3rdly,  that  if  there  be  in  tl.  a-pipe  a  veto 

thftQ  that  which  corresponds  to  the  velocity 
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of  generation  of  steam  in  the  boiler,  it  is  because  the 
pressure  is  less  in  the  cylinder  than  in  the  boiler,  ami 
that  the  fluid  consequently  BQCks  to  settle  in  etpiili- 
bi io  in  the  two  vessels.    These  observations  show  that 
the  effective  praMBM  on  the  piston  may  be  calcu- 
lated by  that  which  exists  in  the  boiler,  as  soon  as 
the  velocity  of  the  piston   is  reduced  to  that  of  the 
generation  of  the  steam.    As  we  shall  soon  know  by 
ex|>eriinent,  what  is  the  total  mass  of  steam,  at  the 
sure  of  the  boiler,  produced  by  the  engine  in  a 
D   time,  it  will  be  easy  to  calculate  how  many 
'.-.  linders  full  of  steam,  at  that  same  pressure,  the 
me  can  supply  in  a  minute,  and  thus  what   is 
the  velocity  which  corresponds  to  what  we  call  full 
pressure  in  the  cylinder.     We  shall  then  sec  that  for 
the  engines  under  consideration,  it  is  from  10  to  12 
miles  per  hour,  or  thereabout.     We  may  then  con- 
sider  that,    in    all    the    cases    of  uniform   motion, 
wherein   the  velocity   did   not   exceed  that  rate,  the 
pressure  in  the  cylinder  was  the  same  as  that  in  the 
boiler ;  and  therefore,  in  so  calculating  it,  we  had 
the  exact  measure  of  the  power  then  applied  by  the 
engine. 


CHAPTER    IX. 


Mi     THE   TOTAL  RESISTANCE   ON   THE   PISTON.   RE- 
SULTING   FROM    THE    DIVERS    PARTIAL  RB81ST- 
CE8  I'RECEDENTl.Y   MEASURED. 

We  have  just  estimated  successively,  in  the  pre- 
ceding chapters,  the  divers  resistances  which  oppose 
the  motion  of  the  engine.  It  is  necessary  now  to 
seek  the  definitive  resistance  which  results  from 
them  united,  per  square  inch  or  per  unit  of  surface 
of  the  area  of  the  piston. 

The  resistances   which   we   have   hitherto  con- 
ed arc:    the  resistance  "'   the  air,  the  frktioo 
of  the  waggons,    the    gravity,    the   friction    of  the 

rii':nii\  ud  the  rmintnnrti  saong  from  Che  hlanl 
pipe.  But  we  must  here  add,  besides,  the  atmo- 
spheric pressure  ;  for  the  engines  under  consideration 
bong  high-pressure  engines,  it  follows  that  the  op- 
of  the  piston  necessarily  supports,  like 

j  other  body  in  communication  with  the  etmo- 
phere,  B  certain  pressure  due  to  the  elasticity  of 
the  atmospheric  air. 

In  the  calculations  which  we  have  hitherto  made, 

we  wiif  enabled  to  suppress  thai  force  in  the  re- 

mce,  because  at  the  same  time  ally  sup- 
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I  Missed  it  in  the  power,  by  calculating  the  latter 
only  according  to  the  effective  pressure  of  the  strain, 
that  is  to  say,  according  to  its  surplus  over  the 
atmospheric  pressure.  This  mode  of  proceeding 
was  correct  then,  because,  having  to  consider  the 
power  and  the  resistance  only  in  the  case  of  equality 
or  equilibrium,  and  unmixed  with  any  other  con- 
sideration, wc  could  without  error  retrench  on  both 
sides  the  same  quantity.  But  as,  in  other  questions 
which  are  about  to  present  themselves,  we  shall 
want  to  consider  the  steam  with  reference  to  its 
volume,  and  as  that  volume  dermis  on  the  total 
pressure  ;;1  ffhicfa  tfafl  steam  i-  L-eiierated.  we  imi-t 
retain  that  total  pressure,  to  express  the  elastic- 
force  of  the  steam  ;  and  consequently,  must  also  let 
the  atmospheric  pressure  remain  in  the  resistance 
opposed  to  the  motion  of  the  piston. 

Thus,  the  definitive  resistance  exerted  against  the 
piston  consists  of  six  resistances,  which  are :  the 
friction  of  the  waggons,  the  resistance  of  the  air, 
the  gravity  of  the  train,  the  friction  of  the  engine, 
the  atmospheric  pressure,  and  the  pressure  caused 
by  the  blast-pipe.  Of  these  six  resistances,  the  last 
two  act  immediately  and  directly  on  the  piston. 
They  must  therefore  be  moved  at  the-  velocity  of 
the  piston  itself;  but  it  is  not  so  with  the  other 
four.  It  lias  already  been  said  that  in  an  engine, 
the  pressures  exerted  on  different  points  by  the 
same  force,  are  in  the  inverse  ratio  of  the  velocities 
of  those  point*.     Here  the  engine  and  its  train  must 
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{k  ±  g)  M  ±  gm  -f-  •»'* 

will  l)o  the  resistance  opposed  to  the  motion  of  the 
engine  by  the  friction,  the  gravity,  and  the  shock  of 
the  air. 

If,  again,  F  represent  the  friction  of  the  unloaded 
engine,  expressed  also  in  pounds,  and  h  its  additional 
friction,  measured  as  a  fraction  of  the  resistance,  as 
has  been  indicated  in  Chap.  VIII.,  we  see  that 

F  +  8  [(*  ±  9)  M  ±  gm  +  uv7] 

will  l>e  the  total  friction  of  the  engine  at  the  moment 
when  it  draws  the  resistance 

(*  ±  g)  M  ±  gm  +  «t>*. 

Consequently 

(1  +  «)  [(*  ±  9)  M  ±  gm  +  in.5]  +  F 

will  he  the  total  resistance  op|>oscd  to  the  progres- 
sion, along  the  rails,  by  the  engine  and  its  train. 

As  this  force  produces  on  the  piston  a  resistainv 
augmented  in  the  ratio  of  the  circumference  of  the 
wheel  to  twice  the  stroke  of  the  piston,  if  D  express 
the  diameter  of  the  wheel,  I  the  length  of  the  stroke, 
and  w  the  ratio  of  the  circumference  to  the  diameter, 

(1  +  *)  [(*  ±  9)  M  ±  gm  +  ttii"]  \y  +  " 


2/ 


will  l»e  the  resistance  on  the  piston,  caused  by  that 
force,  that  is  to  say,  caused  by  the  resistance  of  the 
Waggons,  the  gravity,  the  UT,  Mid  the  frktioO  OftlM 
me. 

u 
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Ik-   moved   at    a    velocity    greater    than    that   oi 

ii,  in  the  pro|»ortion  of  the  circumference  of 
tin-  wind,  to  twice  the  length  of  the  stroke.  'Hie 
intensity  of  the  piDBMira  exerteil  by  the  resistance 
of  the  load,  the  air,  the  engine,  and  the  gravity 
then  increased  bj  its  transmission  to  the  piston,  in 
the  above  ratio  of  the  velocity  of  the  wheel  to  that 
of  the  piston. 

Consequently,  if  M  express  the  numl>er  of  tons 
gross  which  compose  the  total  load,  that  is  to 
including  the  weight  of  the  tender-carriage  of  the 

and  k  the  number  of  pounds  req- 
draw  one  ton  on  a  railway, 

kU 

will  be  the  resistance,  in  pounds,  resulting  from  the 

friction  of  the  waggons  which  cany  the  load,      [fat 

the  bum  lime  wg  call  y  the  gravity  of  l  ton  on  the 
inclined  plane  to  be  traversed  bj  the  engine,  and  ii 
m  represent  the  weight  of  the  engine,  in  tons, 

o(M+m) 

will  be  the  resistance,  in  |K>unds,  produced  by  the 
gravity  of  the  total  mass,  train  and  engine;  so  that, 
according  as  the  motion  takes  place  in  ascendifl 
in  descending,  the  definitive  resistance  arising  from 
ion  and  gravity  will  be 

*M  1  <j  (M  +  m)  =  (*  ±  g)  M  ±  em 

Similarly,    it   we  express  by  ur'  the  resistant* 
pounds,  era  the  air  against   the  trail 

the  vcU>i  Ene, 
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(k±g)M±  gm  +  w»* 

will  Ik.-  the  resistance  opposed  to  the  motion  Off  the 
engine  by  the  friction,  the  gravity,  and  the  shock  of 
the  air. 

If,  again,  F  represent  the  frietion  of  the  unloaded 
engine,  expressed  also  in  pounds,  and  S  its  additional 
frietion,  measured  as  a  fraction  of  the  resistance,  as 
has  been  indicated  in  Chap.  VIII.,  we  see  that 

F  +  S[(k±g)  M+gm  +  uv7) 

will  !>c  the  total  friction  of  the  engine  at  the  moment 
when  it  draws  the  resistance 

(*  ±  g)  M  ±  jm  +  u«3. 

Consequently 

(1  +  5)  [(*  ±  g)  M  ±  gm  +  wi?']  +  F 

will  be  the  total  resistance  Opposed  to  the  progres- 
sion, along  the  rails,  by  the  engine  and  its  train. 

As  this  force  produces  on  the  piston  a  resistance 
augmented  in  the  ratio  of  the  circumference  of  the 
wheel  to  twice  the  stroke  of  the  piston,  if  D  express 
the  diameter  of  the  wheel,  /  the  length  of  the  stroke, 
and  w  the  ratio  of  the  circumference  to  the  diameter, 

It  D  7T  I)  F 

(1  +  *)  [(*  ±  9)  M  ±  gm  +  in-5]  -57-  +  -07- 


will  be  the  resistance  on  the  piston,  caused  by  that 
force,  that  is  to  say,  caused  by  the  resistance  of  the 
waggons,  the  gravity,  the  air,  and  the  friction  of  the 
engine. 
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Tl  tanee  is  that  which  is  exerted  <>n  the 

totality  of  the  area  of  the  pistons.  But  representing 
by  d  the  diameter  of  the  cylinders,  \ir(P  will  be  the 
area  of  the  two  pistons.     Whence 

0  +  *)  i(k±g)  M  ±gm  +  w*}  -^  +  -^j- 

or,  simplifying, 

(1  +  «)  [(*  ±  9)  M  ±  ym  +  «e>»]  gyj  +  ^,"  • 

will  be  the  same  force,  divided  according  to  the  unit 
of  surfuce  of  the  piston. 

Adding  to  this  the  atmospheric  pressure  p,  and 
the  pressure  caused  by  the  blast-pipe  p'e,  which  are 
already  measured  per  unit  of  surface,  we  shall  have 
in  tine,  for  the  total  resistance  R  exerted  on  tin- 
piston, 

R=(l+«)[(*±y)M±oiii+iM^-J?/+^+p+/,V. 

In  this  expression,  the  quantity  g  represents  the 
gravity  on  the  plane  to  be  traversed  by  the  train  ;  if 
the  plane  be  horizontal  instead  of  inclined,  we  shall 
have  17=0.  Tin:  weights  M  and  m  of  the  train  and 
the  engine  are  expressed  in  tons  gross ;  the  quantity 
*,  which  is  the  friction  of  the  waggons  jier  ton,  is 
equal  to  6  lbs.  ;  the  value  of  I  is  137  or  |,  for 
with  uncoupled  wheels;  the  velocity  r  of 

the  engine  i*  expressed  in  miles  per  hour ;  in  fine, 
according  us  the  dimensions  D,  /  and  d  are  expressed 
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in  inches  or  in  feet,  and  the  forces  u,  p  and  p,  in 
pounds  pttr  square  inch,  or  in  pounds  per  square 
foot,  the  value  R  which  will  result  from  the  calcu- 
lation will  be  the  resisting  pressure  on  the  piston, 
expressed  likewise  in  pounds  per  square  inch,  or  in 
pounds  per  square  foot. 

Applying  this  calculation  to  a  train  of  9  waggons 
and  a  tender,  weighing  50  tons  gross,  and  drawn  at 
the  velocity  of  20  miles  per  hour,  up  a  plane  in- 
clined ji,,,  by  an  engine  with  two  cylinders  of  11 
inches  diameter,  stroke  of  the  piston  1G  inches,  pro- 
filing wheels  5  feet,  not  coupled,  weight  8  tons, 
friction  104  lbs.,  blast-pipe  2' 25  inches  in  diameter ; 
ami  referrimj,  for  the  resistance  of  the  air,  to  what 
has  been  said  in  Chapters  IV.  and  VI.,  the  proceed- 
ing will  be  as  follows : 


50x0=300  lbs.  Friction  of  the  waggons,  in 
pounds,  or  value  of  kM. 

-t-qqX  58=260  lbs.  Gravity  of  the  total  mass, 
train  and  engine,  or  value  of 
g  (M+m). 
194  lbs.  Resistance  of  the  air  against 
an  effective  surface  of  180 
square  feet,  at  the  velocity 
of  20  miles  per  hour,  or 
value  of  up'. 


751  lbs.  Resistance   of  the   train,  or 

(k  +  g)M+,jm  +  uv,>. 
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754  XI  -137=857  lbs.  Resistance  of  the  train,  in- 
cluding the  additional  fric- 
tion which  it  produces  in  the 
engine,  or 

(l+8)[(*+0)M+?w+™;']. 
4-101  ll.s.    Friction  of  the  unloaded  en- 
gine, or  F. 


961  lbs.  Total  resistance  to  the  pro- 
gressive   motion   of  the  en- 
gine, or  value  of  the  term 
(1+S)  [(M-tfM+yiM-iic'J  +  F. 

On  the  other  hand,  we  have 

31416  X  60  in.=  188-5   Circumference  of  the  wheel. 

expressed  in  inches,  or  irD. 

2xl6in.=  32       Double  the  stroke  of  the 

piston,  expressed  in  inches, 

or  2/. 

188-5 
..o    =     5*9    Ratio  of  the  velocities  of 

the  wheel  and  the  piston, 

*D 


or-2T 


Thus, 


961  X  59=5670  lbs.  Resistance  produced  on  the 
piston,  or  value  of  the  term 

(l+«)[(M-?)M+«in+w^  +  ™- 
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Again, 

.tmigxip 


=  190  Area  of  the  two  pistons,  in 
square  inches,  or  \ird}. 


Consequently,  we  obtain  in  fine 

-Tqq  =29-8 lbs.  Above-mentioned  resistance, 
jx)rtioned  per  square  inch 
of  the  surface  of  the  piston. 

+  3*5  lbs.  Effective  pressure  per  square 
inch,  arising  from  the  blast- 
pijx:,  or  p'v. 

+  147 lbs.  Atmospheric  pressure  per 
square  inch,  or  p. 


48'Olbs.  Definitive  resistance,  per 
square  inch  of  the  surface 
of  the  piston  of  an  engine 
with  two  cylinders  of  1 1 
inches  in  diameter,  &c, 
when  drawing  a  load  of  50 
tons  under  the  given  cir- 
cumstances. 

Were  it  desired  to  know  that  resistance  per  square 
foot,  it  would  suffice  to  multiply  the  last  result  by 
14-4,  that  is  to  say,  the  pressure  required  would  be 
1J912  lbs.  per  square  foot,  which  number  would  have 
been  obtained  directly,  if  instead  of  expressing  the 
UM  of  the  piston  in  square  inches,  and  the  partial 
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pressures  in  pounds  per  square  inch,  these  measures 
had  been  referred  to  the  square  foot  as  unit  of 
surface. 

This  example  shows  what  is  to  be  understood  by 
the  different  quantities  contained  in  the  formula, 
and  how  each  of  them  ought  to  be  introduced  into 
the  calculation. 


CHAPTER   X. 


OF  THE  VAPORIZATION  OF  LOCOMOTIVE  ENGINES. 

Sbct.  I.    Experiments  on   the  vaporization  of  loco- 
motive enaines. 

So  far  our  object  has  been  to  estimate  the  re- 
sistance offered  to  the  motion  of  locomotives,  ac- 
cording to  the  circumstances  of  their  load  and  of 
their  velocity.  It  will  now  be  proper  to  value  the 
POWer  of  which  they  can  dispose  to  overcome  that 
resistance ;  and  as  we  have  already  made  known 
the  means  of  measuring  one  of  the  elements  of  that 
power,  viz..  the  elasticity  or  pressure  of  the  steam 
in  the  boiler,  it  remains  only  to  seek  what  quantity 
of  that  steam  can  be  produced  by  the  engine  in 
different  circumstances,  and  in  a  given  time. 

For  this  purpose  we  undertook  a  series  of  expe- 
riments on  the  vaporization  of  locomotives,  ta: 
the  engines  successively  either  working  without  the 
aid  of  the  blast-pipe,  or  with  divers  orifices  of  blast- 
pipe  and  different  velocities,  or,  in  fine,  under 
different  pressures  in  the  boiler.  We  shall  first 
give  an  account  of  these  experiments,  and  then 
.line  the  influence  "i  esch  of  the  circumstances 
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just  mentioned,  on  the  valorization  produced  by 
the  engine. 

Among  the  experiments  of  which  we  are  now 
going  to  present  the  results,  the  first  three  were 
made  on  engines  at  rest,  and  without  the  appli- 
cation of  the  hlast-pipe,  that  is  to  say,  without 
employing  the  waste  steam  in  exciting  the  fire. 
The  vaporization  produced  was  therefore  due  simply 
to  the  natural  draught  of  the  chimney.  In  all  the 
other  experiments  use  was  made  of  a  blast-pi  |*\ 
large  or  small,  as  will  be  seen  indicated  in  the 
Table  which  we  shall  present  further  on. 

To  know  the  quantity  of  water  vaporized  by  the 
boiler,  the  proceeding  was  this.  As  all  the  tender- 
carriages  of  the  Liverpool  and  Manchester  Railway, 
on  which  the  experiments  were  made,  have  exactly 
the  same  dimensions,  it  was  ascertained  first  of  all, 
by  weighing  one  of  them  when  empty  and  when 
full,  that  every  inch  of  depth  of  the  water  in  the 
tank  corresponded  exactly  to  a  weight  of  2(Mj,.i>  lbs., 
or  3304  cubic  feet  of  water.  This  established,  the 
next  thing  done  was  to  ascertain,  by  means  of  the 
glass-tube,  the  depth  of  the  water  in  the  boiler  at  I  lie 
beginning  of  the  experiment,  and  at  the  same  time 
the  exact  depth  was  taken  of  the  water  contained 
in  the  tank ;  afterwards,  when  the  ex|>eriment  was 
concluded,  the  boiler  was  first  filled  up  to  the  height 
at  which  it  was  originally,  and  then  the  water  re- 
maining in  the  tank  was  measured.  The  difference 
between  the  two  depths  of  wuter  in  the  tank,  gave 
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the  consumption  that  had  been  made  of  it  during 
tin-  time  of  (he  observation. 

As  the  experiments  made  with  engines  at  rest, 
that  is  to  say,  without  the  application  of  the  Mast- 
pipe,  show  that  in  this  state  the  engines  are  capahle 
of  effecting  ahout  ^  of  their  vaporization  with  the 
aid  of  the  blast-pipe,  use  has  been  made  of  this 
datum  to  take  account,  in  the  different  experiments, 
of  the  vaporization  which  had  taken  place  during 
the  stoppages  of  the  engine,  and  during  the  descent 
of  the  inclined  planes,  on  which  the  engines  mn  of 
themselves,  without  making  use  of  the  steam.  It  is 
evident,  in  fact,  that  during  this  time,  as  well  as 
during  the  delays  which  took  place  on  the  mad,  the 
tire  was  no  longer  excited  by  the  action  of  the  blast- 
pipr.  and  the  valorization  was  necessarily  reduced 
in  consequence.  As  the  experiments  took  place  on 
the  Liverpool  and  Manchester  Railway,  which  has.  in 
each  direction,  a  declivity  of  the  kind  we  have  just 
mentioned,  and  the  descent  of  which,  with  the  use 
of  the  brake,  is  performed  in  d  minutes,  we  have, 
in  all  the  cases,  taken  5  minutes  for  the  duration  of 
the  susjHMision  of  the  action  of  the  blast-pipe  re- 
lative to  that  circumstance.  Thus,  for  instance,  in 
experiment  VI.,  the  engine  Star  stopped  15  minutes 
on  the  road.  Besides  this,  the  descent  of  the  in- 
clined plane  occupied  .r>  minutes.  Out  of  the  total 
duration  of  the  experiment,  there  were  then  20 
minutes  during  which  the  action  of  the  blast-pipe 
was  suspended.     As,  during  this  time,  the  engine 
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vaporized  the  same  quantity  of  water  that  it  would 
have  done  in  -4  minutes,  hnd  it  worked  with  the  aid 
of  the  blast-pipe,  it  is  plain  that  these  20  minutes 
of  delay  may  be  replaced  by  4  minutes  of  forced 
vaporization.  Thus  the  experiment  is  the  same  as 
if  the  I30"90  cubic  feet  of  water  consumed  by  the 
engine,  had  been  vaporized  in  I  hour  f>6  minutes  of 
uninterrupted  work;  which  gives  G7-71  cubic  feet 
for  the  valorization  effected  per  hour,  during  the 
application  of  the  draught  of  the  blast-pipe.  In 
this  manner  the  numbers  contained  in  the  last 
(.ilmnii  but  one  of  the  Table,  were  deduced  from 
the  observations.  It  is  to  be  remarked,  that  the 
delays  which  took  place  during  these  cx|>crimenl* 
were  caused  by  various  essays  made  on  the  engines. 

To  obtain  the  mean  velocity  of  the  motion,  we 
divided  the  total  distance  performed,  which  was 
28  S  miles,  by  the  total  time  of  the  ex|>crimcnt, 
minus  the  delays  which  look  place  on  the  road  ; 
but  in  some  e.\|>crimcnts  the  engines  ascended  the 
inclined  plane  twice,  which  increased  the  total  dis- 
i;iiii  ■  patented  to  32"5  miles  instead  of  295  ; 
in  those  cases  we  have  taken  account  of  tliat  cir- 
cum 

In  all  the  ex|>eriment8  we  give  the  pressure  in 

the  boiler  from  direct  olwervation       In  cxjh_-i imt-nts 

I.  and  II.  the  boiler  was  not  placed  00  the  engine, 

and  was  open  to  the  uir,  that  is  to   say,  the  strain- 

B  and    the  GOTO  of  the  man-hole  were  taken 

off;  so  that  the  vaporisation  ami  on  nnder  tba 
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atmospheric  pressure,  or  under  an  effective  pressure 
null. 

Before  In-ginning  any  experiment,  we  waited  till 
the  steam  made  the  valves  blow,  which  showed  that 
the  vaporization  was  in  full  activity ;  and  in  the 
experiments  1.  and  II.,  in  which  there  was  no  valve, 
before  beginning  to  note  the  quantity  of  water  va- 
porized, we  left  the  fire  alight  under  the  boiler  for 
several  hours,  in  order  to  be  assured  that  the  water 
effectually  boiled  in  all  its  parts ;  and  the  non-ful- 
filment of  this  condition  made  us  reject  several 
ex  periments. 

In  fine,  we  give  approximately  the  state  of  the 
temperature  of  the  water  in  the  tender,  at  the;  mo- 
ment the  engine  started,  because  there  must  in- 
dubitably result  from  it  an  increase  in  the  definitive 
vaporization  of  the  engine  ;  but  as  that  temperature 
was  not  noted  with  sufficient  accuracy,  as  it  di- 
minishes, moreover,  during  the  experiment,  and 
lastly,  as  it  may  easily  he  compensated  by  a  superior 
quality  in  the  fuel,  or  by  more  care  on  the  part  of 
the  engine-man  in  stoking  the  fire,  we  are  satisfied 
merely  to  point  out  its  natural  influence  on  the 
results,  without  seeking  to  take  account  of  it  with 
precision. 

In  the  following  Table,  which  presents  the  results 

of  these  experiments,  we  group  together  those  cn- 

18  in  which  there  is  sensibly  a  like  proportion 

between  the  heating  surface  of  the  tire  -box  and  that 

of  the  tubes.     The  object  of  this  distinction  will  be 
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to  seek,  firstly,  whether  there  results  from  it  any 
difference  in  the  vaporizing  power  of  the  engines  in 
a  given  time;  and  again,  whether  there  results 
therefrom  any  saving  in  the  consumption  of  fuel  in 
producing  that  vaporization.  This  second  research 
will  he  the  subject  of  the  following  chapter. 

It  will  Ik-  remarked  that  the  Table  contains  two 
different  engines  of  the  name  of  Firkkly.  The 
reason  is,  as  we  have  said  elsewhere,  that  on  re- 
eonstructiiic;  that  engine,  the  dimensions  of  the 
boiler  had  Iwen  changed,  and  it  was  proper  there- 
fore to  distinguish  the  two  engines  by  a  different 
number.  In  like  manner,  the  boiler  under  the 
name  of  Goliatu  II.  was  a  new  boiler,  constructed 
to  replace  that  which  the  engine  had  originally,  and 
whose  dimensions  arc  given  in  the  Table,  page  37 
of  this  work.  The  new  boiler,  however,  of  the 
Goliath,  instead  of  being  placed  on  the  engine  for 
which  it  had  been  made,  was  used  as  a  stationary 
boiler  at  the  Edge-Mill  station,  on  the  Liverpool  and 
Manchester  Railway.  It  was  there  that  we  submittal 
it  to  experiment,  with  the  aid  of  Mr.  Edward 
Woods,  now  the  Company's  engineer,  who  is  well 
known  to  evince  as  much  skill  as  care  in  whatever 
researches  he  undertakes. 
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Srct.    11.    0/  the  influence  of  the  pressure  in  the 
boiler  on  the  vaporization  of  the  engine. 

In  treating  (Chapter  II.  of  this  work)  of  the  laws 
which  regulate  the  mechanical  action  of  the  steam, 
we  have  shown  that  the  steam  in  contact  with  the 
liquid,  under  all  degrees  of  tension,  contains  always 
the  same  total  quantity  of  heat.  Hence  it  follow?, 
evidently,  that  to  vaporize  a  given  weight  of  water. 
under  any  pressure  whatever,  the  same  quantity  of 
heat  must  always  Ik;  communicated  to  it,  that  is  to 
98]  ,  the  same  quantity  of  fuel  must  he  consumed  in 
the  same  boiler ;  and  consequently  too,  a  given 
consumption  of  fuel  will  always  correspond  to  the 
vaporization  of  the  same  weight  of  water  in  the 
same  boiler,  whatever  Ik-  the  pressure  under  which 
that  vaporization  is  effected. 

To  comprehend  clearly  how  it  is  that  the  steam 
can  be  generated  at  a  higher  or  lower  degree  of 
pressure  by  the  same  application  of  heat,  we  must 

ider  what  passes  in  the  boiler  during  the  ebul- 
lition of  the  water.     Suppose  a  boiler  filled  with 

i  to  a  certain  level,  and  containing,  above  that 

I  up  to  the  dome  of  the  boiler,  a  vacant  space  of 
1728  cubic  inches,   capable  of  being   filled   with 

n.  Suppose,  moreover,  that  the  boiler  be 
placed  above  a  furnace  filled  with  lighted  coal, 
emitting  a  certain  quantity  of  heat  per  minute.  Aa 
soon  as  the  fire  shall  have  transformed  into  steam 
I  culnc  inefa   Of  the   water  contained   in  the  boiler, 
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dM  steam  thus  generated  will  fill  the  vacant  space 
just  mentioned ;  and  since  we  have  supposed  the 
Capacity  of  that  space  to  be  1728  cubic  inches,  that 
is  to  say,  1/28  times  the  volume  of  the  water  va- 
porized, it  follows  that  the  steam  which  occupies  that 
space  will  have  a  relative  volume  equal  to  1728 
times  the  volume  of  the  water.  Now,  recurring  to 
the  Table  which  we  have  given  (Chapter  1 1 .  of  this 
work),  and  which  is  deduced  from  experiment,  it 
will  be  recognised  that,  when  the  relative  volume  of 
the  steam  is  expressed  by  the  number  1728,  the 
total  pressure  of  that  steam  is  then  about  15  lbs. 
jx:r  square  inch,  and  its  sensible  temjieraturc  about 
212  degrees  of  Fahrenheit.  Thus,  at  this  moment, 
the  steam  contained  in  the  boiler  will  be  at  the 
pressure  of  1  :">  tin.  per  square  inch.  Supposing 
then  the  safety-valve  to  be  loaded  only  with  the 
atmospheric  pressure,  which  is  also  very  nearly 
1 5  lbs.  f >er  square  inch,  we  perceive  that,  if  the 
safety-valve  is  large  enough,  the  pressure  in  the 
boiler  will  never  rise  above  that  point,  because  the 
steam  will  escape  by  degrees  as  it  is  produced  ;  and 
consequently,  whatever  be  the  intensity  of  the  fire, 
that  is  to  say,  in  whatever  quantity  the  s 
generated,  it  will  still  continue  to  be  in  the  boiler  at 
the  pressure  of  I  albs,  per  square  inch,  and  at  the 
corresponding  temperature,  or  212  degrees  of  Fah- 
renheit. 

lint  if  we  suppose  the  safety-valve  of  the  boiler 
to  be  loaded  with  JjOths.  per  square  inch,  over  and 
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above  the  atmospheric  pressure,  this  is  what  will 
take  place.  At  the  moment  when  there  is  hut  one 
cubic  nil  1.  of  water  vaporized,  it  will  till,  as  we  I 

said,  the  vacant  space  in  the  boiler,  and  will  he,  as 

before,  at  the  pressure  of  l.r»ths.  per  square  inch. 

and  at  the  sensible  temperature  of  212  degrees 
But,  M  the  fire  continues  its  action,  the  Bteaa 
being  no  longer  able  to  esca|>c  by  degrees  as  it  is 
produced,  on  account  of  the  resistance  of  the  valve, 
the  vaporized  water  will  accumulate  in  the  boiler, 
that  is,  in  the  same  vacant  space  of  which  we  1 
given  the  capacity.  When,  therefore,  2  cubic  inches 
of  water  shall  be  vaporized,  since  these  2  cubic 
inches  will  still  occupy  a  space  of  1728  c 
inches,  it  is  plain  that  the  volume  of  the  steam 
com  [wired  to  that  of  the  water  which  produced  it, 
that  is,  the  relative  volume  of  the  steam,  will  lie 
expressed  by  the  Dumber  804.  Hence,  from  the 
same  Table  above  mentioned,  the  steam  resulting 
I  mm  the  vaporization  of  these  two  cubic  inches  of 
water  will  be  in  the  boiler  at  the  total  pressure  ol 
31  lbs.  per  square  inch,  and  at  the  sensible  tem- 
|>eraturc  of  253  degrees,  which  corrcs|K>nds  to  that 
pressure.  As,  however,  the  pressure  of  31  lbs.  will 
not  suffice  to  raise  the  valve  and  admit  of  the  steam 
escaping  by  degrees  as  it  is  generated,  the  steam 
produced  by  the  action  of  the  fire  will  continue  to 
accumulate  in  the  Ixiik-r.  When  3  cubic  inches  of 
water  shall  have  been  vaporized,  the  pressure  in  the 
boiler  will  be  48  lbs.  per  square  inch,  and  the  ' 
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jKiiitiin-  2*n  ilegrees  ;  and,  in  fine,  when  there 
shall  bo  4  cubic  inches  of  water  transformed  into 
steam,  the  pressure  will  have  risen  to  65  lbs.  per 
are  inch,  and  the  temperature  to  299  degrees  of 
Fahrenheit.  But  at  this  moment  the  pressure  of 
the  steam  will  have  become  equal  to  the  weight  of 
the  valve,  and,  in  consequence,  the  latter  will  be 
raised.  Whence,  reckoning  from  this  moment,  and 
provided  the  safety-valve  be  large  enough,  the  pres- 
sure and  the  temperature  of  the  steam  will  continue 
to  maintain  themselves  at  the  same  degree,  what- 
ever may  he  the  vaporization  produced.  But  now, 
if  we  suppose  that  the  fire  retains  in  all  cases  a 
OOnMant  intensity,  capable  of  communicating  per 
minute  to  1  cubic  inch  of  water  a  quantity  of  heat 
expressed  by  1170  degrees  of  Fahrenheit,  or  650 
degrees  centigrade,  we  see  that  the  boiler  will  be 
enabled  to  change  1  cubic  inch  of  water  into  steam 
every  minute,  and  that  the  cubic  inch,  thus  trans- 
formed, will  assume,  according  to  the  weight  of  the 
valve,  151bs.,  or  31  lbs.,  or  48  lbs.,  or,  in  fine, 
65  lbs.  per  square  inch.  And  each  of  these  ell 
will  be  produced  without  it  being  necessary  to  sup- 
pose that  the  fire  has  acquired  any  more  intensity, 
that  is  to  say,  without  any  more  fuel  being  con- 
sumed in  one  case  than  in  the  other. 

Thus  it  is  seen  that  the  vaporization  resulting 
from  a  given  consumption  of  fuel  must  always  be 
senibly  the  same,  under  whatever  degree  the  steam 
in  the  boiler  be  generated.     This,  in  fact,  is  con- 
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1  by  the  experiments  we  have  just  presented. 

A    slight   advantage  even    is    perceptible    in    those 
ies  which  work  at  higher  pressi         fin  die 
Goliath  II.,  working  under  the  atmospheric  pres- 
sure, vaporized  on  an  average  *03<»    cubic  fool  of 
i  per  liour  and  |ht  s<|uarc  foot  of  I  ur- 

.  and  the  Firefly  II.,  under  the  effective  pres- 
sure of  50  lbs.  per  Square  inch,  instead  of  prodii' 
less,    va|Hirized    per    hour   and   par  square  foot  of 
heatintj  surface,  a  quantity  of  water  which  anion  i 
to  '087  cubic  foot.    The  other  example*  otter  similar 

result*.    For  instance,  in  the  two  experiments  V. 

and  VI..  tlie  Star,  with  the  same  blast-pipe  and 

nearly  the  same  velocity,   vaporized  a  grc. 
quantity  of  water  per  hour  under  the  pressure  of 
}.'.  ths.  per  square  inch,  than  under  that  of  88'7; 
md    WB  find  the  same  result  in   the   experiments 

xxi.  ami  xxil.  made  with  the  engine  Atlas. 
Considering   the   vaporization    independently   of 

the    consumption    of   fuel,    that    i<   to   say.   seeking 

marahj  the  quantity  of  water  which  the  engines  can 

\uporizc  per   hour,   without    regard    to   the    corre.» 

■ponding  expenditure  of  fuel,  we  ought  not  to  be 

1 10  rind  in  general  that  the  engines  which 

work  at  a  higher  pressure  produce  a  greater  ftD0B> 

latino  per  hour.      The  reason   is,  that  when   the 

reive  of  an  engine  i-  fixed)  for  instance,  at 

lbs.  of  itlictive  pressure  per  square  inch,  it  is 
less  liable  to  blow,  that  is,  to  h-t  the  steam  escape, 
than    wlien  it  is  fixed  ouh    Bj     I"  lbs.  of  eflfci 
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pressure  per  square  inch.  In  the  latter  case,  then, 
the  engine-man  will  see  the  valve  blow  more  fre- 
quently, and  this  being;  for  him  a  sign  that  his  fire 
is  as  lively  as  need  be,  he  will  not  serve  the  fire-box 
with  the  same  activity ;  the  result  will  be  that  he 

will  indeed  consume  ten  fool,  bat  be  will  produce 
less  vaporization  per  hour  in  the  engine. 

Thus,  t<>  recapitulate,  we  sec  thai  the  vaporiza- 
tion in  the  engiues  is  independent  of  the  pressure 
in  the  boiler,  and  that  even,  when  the-  vaporization 
is  considered  without  regard  to  the  corresponding 
expenditure  of  fuel,  it  is  in  general  found  more 
considerable  under  a  high  pressure  than  under  a 
low  one. 


Sect.    III.    Of  tlie  influence  of  the  velocity  of  the 
engine  on  the  vaporization  of  the  boiler. 

It  has  been  seen  (Chapter  VII.)  that  the  pressure 
in  the  blast-pipe  varies  in  the  direct  ratio  of  the 
velocity  of  the  motion,  and  in  the  inverse  ratio  of 
the  area  of  the  blast-pipe.  On  the  other  hand,  it  is 
known  that  the  draught  which  takes  place  in  the 
fire  box  is  the  result  of  the  velocity  assumed  by  the 
steam  in  the  blast-pipe,  and,  consequently,  in  the 
chimney  by  reason  of  that  pressure.  It  is  natural 
then  to  think  that  the  velocity  of  the  engine  and 
the  size  of  the  orifice  of  the  blast-pipe  must  have  an 
influence  more  or  less  considerable  on  the  vapor- 
ization produced  in  the  boiler 
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In  effect,  on  perusing  the  experiments  which  we 
have  jurt  presented,  the  influence  of  the  velocity  (in 
the  vaporization  plainly  apj>ears  ■  for,  collecting  the 
cxjKriincnts  made  on  the  same  engine  and  with  the 
same  blast-pipe,  hut  with  a  different  velocity,  m 
fonn  the  following  Table. 

Experiment*  on  the  influence  of  (he  velocity  of  the  engint* 
on  the  vaporization  of  their  hotter . 


Number 

■ 

Nunr  ti 
Ibc  engine. 

Aiwoftbc 

l,lul|.l(-. 

Vrtwltj. 
In  nKUaprr 

l»-ur. 

V^oriaaljMn 
p*»  bowf. 

In  it..  InuWr. 

1 VI 

Star. 

«),  in. 
313 

milei. 
1513 

Clllll.     I 

57  ;i 

wn  bat, 
41a 

f  VII. 

tix. 

Star. 

0-24 

17*88 
U41 

N  1 1 

61-04 

ii,  ,i. 

J  XIII. 

1  a\ 

FMmi  i 

3-9H 

i;;o 

21-33 

M'10 

77-31 

Ui i  ectl 

l.iiki»«nu. 

\XVI. 

fUHV. 

3-M 

18  83 
IV67 

17-41 

<  ..1,1 
(,,i,l 

;xmi 

1  XVIII. 

L»r-r>v 

3-65 

1 8-113 
11-DV 

6318 

68-82 

Sc«rwlj  l. 

{ v 

I XXII. 

Ati.a*. 

7-s; 
«-78 

8-99 

IVlHI 

1453 

43-RI 

.•inn 
48-21 

cm. 
<.i.i. 

Comparing  together  those  of  the  above  experi- 
ments which  were  made  with  the  same  orifice  of 
blast-pipe,  and  which  we  have,  for  that  reason, 
united  with  a  bracket,  it  ap|>ears  that  with  the 
exception  of  the  experiments  V.  and  VI.,  XV.  and 
XVI.,  in  which,  however,  the  change  of  vein 
wu  quite  inconsiderable,  increase  of  velocity  waa 
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invariably  attended  with  increase  of  vaporization  ; 

but  tin-  extent  of  that  increase  eeenu  to  have  been 
modified  by  the  temperature  of  the  water  in  the 
lender.  Thus  in  the  experiments  XIII.  and  XIV., 
as  well  as  in  the  experiments  XVII.  and  XVI II., 
the  circumstance  of  the  heat  of  the  water  in  the 
tender  has  co-operated  with  that  of  the  velocity 
to  increase  the  vaporization,  in  the  same  manner 
as  in  the  experiments  V.  and  VI.  that  circumstance 
seems  to  have  more  than  counterbalanced  the  then 
contrary  effect  of  the  velocity.  It  is  only  therefore 
by  comparing  together  the  experiments  made  with 
the  engine  Atlas,  that  we  can  form  a  tolerably 
exact  notion  of  the  influence  of  the  velocity  on  the 
vaporization.  In  effect,  in  the  three  experiments 
made  with  that  engine,  the  heat  of  the  water  in  the 
tender  was  the  same ;  the  blast-pipe  had  not  per- 
ceptibly varied,  and,  with  respect  to  the  velocity, 
there  was  difference  enough  to  give  room  to  hope 
that  other  accessory  circumstances  would  not  be  of 
weight  sufficient  to  counterbalance  its  effect.  The 
first  of  these  experiments  might  then  be  compared 
to  a  mean  taken  between  the  two  otbers  ;  hut  as  in 
the  third,  the  safety-valve  of  the  engine  was  de- 
signedly fixed  at  a  very  low  pressure,  viz.,  30  lbs. 
-quare  inch  instead  of  o(),  and  as  that  circum- 
St&noe,  by  making  the  valve  blow  too  easily,  occa- 
sioned the  engine-man  not  to  keep  up  his  fire  with 
the  same  intensity  as  in  the  other  experiments,  we 
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shall  have  a  more  exact  result  by  comparing  only 
the  experiments  XX.  and  XXI. 

Now,  in  the  first,  the  engine,  at  the  velocity  of 
8-99  miles  per  hour,  vajiorized  43-81  cubic  feet  of 
i,  or  172  cubic  foot  per  square  foot  of  heating 
surface  ;  and  in  the  second,  the  same  engine,  at  tin- 
velocity  of  15  miles  per  hour,  vaporized  5000  cubic 
feet  of  water,  or  "197  cubic  foot  per  square  foot  of 
heating  surface.  These  numbers  are  almost  in  t In- 
precise  ratio  of  the  fourth  roots  of  the  velocities. 
Wc  may  therefore  conclude  that  the  vaporisation, 

in  locomotive  engmSB,  varies  very  nearly  in  the 
ratio  of  the  fourth  root  of  the  velocity  of  their 
motion. 

This  variation  is,  as  we  see,  of  slight  importance 
in  the  mo-t  ordinary  cases;  but  when  very  great 
difleranOM  Of  Velocity  arc  concerned,  like  those,  for 
instance,  which  take  place  in  ascending  inclined 
planes,  where  the  velocity  is  often  reduced  to  the 
half  or  the  third  of  what  it  is  on  an  average  faring 
the  rest  of  the  trip,  we  perceive  that  it  then  acquire* 
a  considerable  influence,  and  consequently  must  not 
be  omitted  in  the  calculation.  We  shall  take  ac- 
count of  this  hi  all  the  examples  to  be  tn 
of  in  the  sequel ;  but  it  is  easy  to  see,  at  the  same 
time,  that  in  a  great  number  of  practical  applica- 
tions it  may  be  dispensed  with. 
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Sbct.  IV.   Of  the  influence  of  the  orifice  of  the  blast- 
pipe  on  the  vaporization  of  locomotive  engines. 

If  attention  be  now  directed  to  the  effects  of  the 
blast-pipe,  with  reference  to  the  vaporization,  and 
it,  with  this  view,  the  first  series  of  the  experiments 
already  presented,  in  which  no  blast-pipe  was  used, 
be  compared  to  the  other  series,  in  which,  on  the 
contrary,  use  was  made  of  a  blast-pipe  more  or  lea 
reduced  in  size,  it  will  at  once  he  observed  that  the 
application  of  the  waste  steam  to  the  urging  of  the 
fire  produces  a  very  ini|>ortant  effect,  and  that  it 
Dearly  quintuples  the  natural  vaporization  of  the 
boiler.  But  seeking  afterwards  what  modification 
that  effect  undergoes  from  the  narrowing  more  or 
less  of  the  blast-pipe,  we  do  not  observe  a  very 
marked  result  in  that  respect. 

F.xamining,  for  instance,  the  experiments  made 
with  the  Star,  in  which  the  alterations  in  the  orifice 
of  the  blast-pipe  enable  us  to  study  its  influence  on 
the  vaporization  of  the  boiler,  ami  referring,  accord- 
ing to  what  has  been  said  in  the  preceding  section, 
the  effects  produced  to  the  velocity  of  20  miles  pet 
hour,  we  form  the  following  Table. 
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Experiment*  on  the  influent*  of  the  diameter  of  the  blait- 
jiipe  on  the  vayjrteatwn  of  boiler*. 


Naabtr 
of  I  lie 

rijwrnuc-iit 


VIII 
X 

V 

VI. 
IV. 
XI. 

VII. 
IX 


Area  of  the 

hln!(-|n|H\ 


VkporimlioD  |«r  «|.  foot 
of  Mai  h**li«g  writer. 
it  the  nlodl 

per  I.' 


"J 


3  13 
313 
S'70 

■t  H 

<:  :r. 


cub.  foot  per  hour. 


,-aofj 


190 


From  these  results,  it  ap|>ears  that  for  this  engine, 
of  which  the  vaporization  and  heating  surfaoa  have 
been  given  above,  a  blast-pipe  of  3  to  4  square 
inches  of  area,  or  2  to  2{  inches  in  diameter,  pro- 
duces an  average  vaiKiri/nlion  of  alx>ut  "200  cubic 
foot  of  water  per  square  inch  of  heating  surface,  per 
hour  ;  that  the  contracting  of  the  blast-pipe  within 
1*25  and  2*50  square  inches,  in  nowise  augment- 
the  vaporization,  but  even  tends  rather  to  diminish 
it;  and  in  fine,  that  the  enlarging  of  the  blast-pi|>c 
to  6*25  square  inches,  produces  a  slight  diminution 
of  from  "20G  to  190  cubic  foot  of  water  per  square 
foot  of  heating  surface. 

These  effect*  will  easily  be  explained,  from  the 
considerations  which  we  shall  offer  in  the  next 
section,   on   the  comparative   vaporization  of   the 
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fire-box  and  the  tubes  of  the  boiler.  It  will  then 
be  at  once  perceived  that,  for  a  given  surface  of 
tubes,  there  needs  a  certain  draught,  that  is,  a 
certain  aperture  of  the  blast-pi]>e,  to  carry  the  llame 
to  the  very  extremity  of  the  tubes,  so  that  the 
whole  of  their  extent  may  receive  the  direct  action 
of  the  flame.  This  result  once  obtained,  a  greater 
contraction  of  the  blast-pipe  or  stronger  draught, 
could  only  have  the  effect  of  carrying  the  flame 
beyond  the  extremity  of  the  tubes,  that  is,  into  the 
chimney,  where  it  would  no  longer  influence  the 
quantity  of  water  vaporized.  Diminishing,  tlnn, 
the  orifice  of  the  hlast-pipe  still  more  and  more, 
beyond  this  point,  would  produce  no  change  at  all 
in  the  vaporization  of  the  boiler,  if  the  extreme 
contraction  of  the  blast-pipe  would  not  render  at  last 
the  passage  of  the  air  through  the  fire-box  so  rapid 
that  the  greater  part  of  it  traverse  the  fire  without 
being  used  for  the  combustion.  This  is  an  ciU  <  t 
which  manifested  itself  in  our  experiments ;  for 
during  those  which  took  place  with  a  blast-pipe 
of  1*25  square  inch  of  area,  every  stroke  of  the 
piston  caused  in  the  chimney  a  violent  noise,  some- 
what resembbng  the  report  of  a  gun.  It  is  readily 
conceived,  then,  that  the  contracting  of  the  blast- 
pipe  beyond  certain  limits,  is  productive  of  no  ad- 
vantage to  the  vaporization  of  the  engine. 

As  to  enlarging  the  blast-pipe  too  much,  since 
it  then  ceases  to  supply  a  sufficient  draught  in  the 
fire-box  to  carry  the  flame  to  the  extremity  of  the 
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tubes,  the  remaining  portion  of  these,  beyond  the 
point  where  the  flame  reaches,  receives  only  the  heat 
communicated  by  the  contact  of  the  hot  gases  tf 
suiting  from  the  combustion  already  terminated  ; 
and  the  definitive  vaporization  must  thereby  be 
diminished. 

This  latter  case  carried  to  the  extreme,  would  at 
last  considerably  reduce  the  vaporization,  and  con- 
sequently the  effect  of  tin  engines;  ami  this  in- 
deed is  observed  in  practice,  when  a  locomotive 
been  made  with  too  large  a  blast-pijKJ,  or  when  the 
latter  has  been  corroded  and  widened  by  the  effect 
dI  the  fire ;  but  as  these  defects  are  easily  recognised 
and  corrected,    they    are   to    be    regarded    only   as 

momentary  and  exceptional.  Hence,  in  the  oden- 
ofthe  effect  of  locomotives,  we  need  consider 
but  small  variations  in  the  diameter  of  the  blast- 
pipe;  and  in  such  case,  then,  we  see  by  the  pre- 
Ceding  experiments,  that  the  change  resulting  in  the 
vaporization  of  the  engine  is  not  of  such  importance 
as  to  require  being  introduced  into  the  get 
formula-  of  the  motion  of  these  engines. 


Sect.  V.  Of  the  comparative  vaporization  of  the 
fire-box  and  the  tubrs,  mul  of  the  definitive  vapor- 
ization of  the  engines  per  unit  of  heating  surface  of 
their  boiler. 

We  have  just  inquired  into  the  particular  hv 
•  \\  divers  <ii< rnnatances  dm  on 
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the  vaporization  of  the  engines:  it  now  remains  to 
examine  the  effects  which  may  result  in  that  respect 
from  the  construction  of  the  hoiler  itself,  or  from 
the  proportion  that  has  been  established  betVMCO 
the  heating  surface  of  the  fire-box  and  that  of  the 
tubes.  We  shall  first  seek  then,  how  much  of  the 
total  vaporization  produced  is  attributable  to  SI 
of  these  two  portions  of  the  boiler,  and  thence  we 
shall  afterwards  conclude  the  definitive  vaporization 
of  the  engines  per  unit  of  heating  surface  of  their 
boiler. 

The  boiler  of  locomotives  consists,  as  we  have 
seen,  of  two  distinct  portions,  one  of  which  sur- 
rounds the  fire-box,  the  other  contains  the  tubes. 
The  water  contained  in  the  portion  which  surrounds 
the  fire-box,  is  every  where  in  contact  either  with 
the  ignited  fuel,  or  with  the  Maine  which  rises  above 
that  fuel.  The  water  which  surrounds  the  tubes, 
On  the  Contrary,  according  to  the  intensity  of  the 
fire,  and  the  length  of  the  tubes,  may  be  in  con- 
tact, throughout  the  length  of  the  tubes,  either 
with  the  flame,  that  is  to  say,  the  ignited  gases 
which  issue  from  the  fire-box,  or  partly  with  the 
flame  and  partly  with  the  hot  gases  which  are 
produced  by  the  combustion.  Now  it  is  easy  to 
conceive  that  the  effect  of  the  tubes  will  be  very 
different  in  the  two  cases  which  we  have  just  men- 
tinued.  If  the  tubes  are  in  contact  with  the  flame 
throughout  their  length,  it  does  not  appear  that, 
comparing  equal  surfaces,  they   ought    to    produce 
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iporization  less  considerable  than   the   fire-' 
for   the    ignited    gases    which    traverse   thrin,    arc 
fuel  as  well  as  the  COSH  ii-<h,   and  it  may  be  said 
that  throughout  their  length  they   |  i In-  im- 

mediate and  radiating  action  of  the  tire.  Hut  ii  tin 
combustion  slackens  in  the  tire-box,  so  that  the 
flame  extend  only  half-way  along  the  tubes,  that 
portion  alone  of  the  tubes  will  be  really  submit'  I 
to  the  radiating  action  of  the  ealoric,  and  the  rest 
will  receive  no  more  than  the  communicative  heal 
arising  from  the  contact  of  the  still  hot  gases  re- 
maining after  the  combustion  has  ceased.  Thu 
this  case,  the  first  half  of  the  tubes  may,  with  equal 
surface,  produce  as  much  vaporization  as  the  tin-. 
box,  but  the  second  half  will  necessarily  produce  a 
less  effect,  wfaflMM  a mdtB  that  the  mean  vaporiza- 
tion of  the  tul>cs,  per  unit  of  their  total  sui: 
will  then  be  less  than  that  of  the  fire-box. 

In  a  scries  of  experiment*  which  we  undertook  in 
1836,  at  the  station  of  the    Liverpool    and    Mn- 
Chester   Railway,    with    .Mr.    Bdward   Woods,   the 
Company's  engineer,  on    a  boiler  originally  made 
for  a  locomotive,  but  used   in  a  stationary 
ami  in  which  the  two  compart mciiK  wan  SC|Mtrateil 
by  a  partition,-  a   circumstance  which  admitted  of 
tly    the    vaporization    produced    by 
the  lire-l«»x  and  by  the  lulics, — we,  in  fact.obt; 
results  analogous  to  those  which  have  just  been  in- 
dicated.    The  boiler  was  very  long,  and  when 
fire    Wtl    hit    to    itself,    and    the    vaporization    not 
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abundant,  the  tubes  produced,  comi>aring  equal 
surfaces,  an  eftect  considerably  leas  than  tin1  fin* 
box  ;  but  by  degrees,  on  the;  combustion  being  more 
excited,  and  esjiecially  when,  by  means  of  a  blast- 
pipe  taken  from  an  adjacent  boiler,  a  more  violent 
jet  of  steam  was  applied  to  the  urging  of  the  fire, 
the  effect  of  the  tubes  differed  less  and  less  from 
that  of  the  fire-box.  As  these  experiments  have 
not  been  quite  conclusive,  am  shall  not  report  them 
here,  sj  to  the  precise  results;  but  we  mention  the 
tendency  of  those  results,  in  order  to  explain  how, 
in  an  experiment  on  the  same  subject,  an  English 
ueer,  operating  on  a  small  model,  at  rest,  and 
without  Ming  the  l>last-pi|>e,  could  obtain  for  the 
proj)ortion  of  the  eftect  of  the  fire-box,  to  that  of 
the  tubes,  the  ratio  of  3  to  I  ;  and  how,  on  the 
contrary,  during  the  activity  of  the  motion,  with 
anginas  of  the  usual  dimensions,  and  with  the  use 
of  the  blast-pipe,  the  two  portions  of  the  boiler  mav, 
if  they  are  not  too  disproportionate  one  to  the  other, 
produce,  per  equal  surface,  equal  effects,  as  we  are 
about  to  see  that  it  results  from  the  preceding  ex- 
periments, for  the  engines  submitted  to  trial. 

Referring,  in  effect,  to  the  Table  of  page  253,  in 
which  the  engines  are  divided  into  series,  according 
to  the  proportions  existing  between  the  fire-box  and 
the  tubes,  we  |>crccive  that,  in  the  first  and  second 
series,  the  total  heating  surface  is  about  6*5  times 
that  of  the  fiie-box  ;  in  the  third  scries,  it  amount* 
to  87  times  that  of  the  fire-box  ;  and  in  fine,  in  the 
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fourth  series,  the  total  surface  is  but  i  -r>  tinu  -  thai 
of  the  fire-box.     If  then  there  were  a  considerable 

difference  between  tin-  efleet  of  tfaa  fin4xn  and  that 

of  the  tubes,  it  would  be  found  that  in  the  em: 
wherein  tin  Q»  boa  forms  a  larger  portion  of  the 
total  surface,  the  effect  produced  per  unit  of  surface 
would  be  greater  But,  on  the  contrary,  if  we  ob- 
serve the  means  deduced  from  the  last  three  series, 
we  find  that  notwithstanding  the  diversity  of  pro- 
l>ortion  between  the  fire-box  and  the  tubes,  the 
vaporization  per  square  foot  of  total  fatting  surface 
remains  always  sensibly  the  same.  We  must  then 
conclude,  that  during  the  active  working  of  engines 
of  a  construct  km  i  -miliar  to  that  of  the  experiment-, 
tin  two  (tortious  of  the  Itoilcr  vajtorizc,  pet  unit  of 
surface,  the  same  quantity  of  water. 

To  know  the  vaporization  of  which  a  jjiven  BO0IM 
is  capable,  it  consequently  suffices  to  measure  the 
number  of  square  feet  com|tosing  its  total  heating 
surface,  without  distinction  between  the  tiiv-ltox  and 
tin-  tultes,  and  then  to  multiply  that  number  by  the 
Vaporization  which  each  square  foot  of  surfac 
capable  of  producing.  It  is  then  the  latter  quantity 
which  we  must  now  seek  to  determine;  but,  as  we 
have  Mm  that  the  vaporization  produced  per  unit 
of  surface  varies  with  the  velocity  of  the  motion,  it 
is  necessary  to  Specify  at  the  same  time  the  velocity 
at  which  we  wish  to  measure  the  vaporization. 

Now,  refernii     lo  the  cxjKrimcnts  of  page  26&, 
imd  that  in  the  engines  of  the  second  series   tin 


OF  TtlB  VAPORIZATION  OF  THE  ENGINES.       271 

vaporization  per  square  foot  of  heating  surface  was 
•198  cubic  foot,  at  the  velocity  of  18- 15  miles  per 
hour.  On  the  other  hand,  we  know  that  the  va- 
porization varies  in  the  direct  ratio  of  the  fourth 
roots  of  the  velocities.  We  may  then  deduce  from 
thence,  that  at  the  velocity  of  20  miles  per  hour, 
the  vaporization  of  those  engines  will  be 

/  20  VI 

198  Vi^TjJ    —203  cubic  foot  of  water  per 

square  foot  of  heating  surface. 

Operating  in  the  same  manner  for  the  two  following 
series,  we  obtain,  for  the  velocity  of  20  miles  per 
hour,  the  determinations  of  the  following  Table. 


Experimentt  on  the  vaporization  of  hamuli  ■■■.  per 

unit  of  total  heating  surface  of  their  boiler. 


Niunlier  of 
the  •erieu. 

|   velo. 

he  en- 

n  mil.  ■ 
i»t  hoar. 

Viporiulion  per  hour 
and  [mt  *q.  foot  of  total 
hicr.  at  the 
pTMtdlnj  Mli..-itjr. 

VtpattattlH  per  lioiir 
ind  per  »q.  foot  ol 
heal  mi;  •urfnee,  at  the 

nlodtj  of  M  inilet 

per  Imiir. 

mile*. 

cubic  foi  it 

cubic  foot. 

2nd. 

18-15 

198 

■90S 

3rd. 

Jil  13 

•200 

JIM 

4th. 

8  m 

•172 

910 

4th. 

15-26 

194 
Mean 

••JOS 

.     .      205 

Thus,  from  these  experiments,  it  appears  that  at 
I  he  velocity  of  20  miles  per  hour,  the  vaporization 
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of  locomotives  ma\  he  valued  nl    205,  or,  in  round 

nnmbera,  at  -2  cubic  foot  of  water  per  hour,  per 

re  foot  of  total  headng  surface  of  their  boiler; 
ami  it  appeal*  also  that  the  different  engines  ami 
different  velocities  lead  to  numbers  almost  identical, 
which  tends   to  confirm  the  valuation  we  have  just 

obtained. 

This  determination  is,  as  we  have  said,  suitable  to 
the  velocity  of  20  miles  per  hour  ;  but  it  is  easy  to 
deduce  from  it  that  which  would  take  place  at  any 
other  velocity,  by  multiplying  by  the  fourth  root  of 
the  ratio  between  the  given  velocity  and  the  Telocity 

of -jo  mike. 

Such  then  will  Ik-  the  vapor  i/.at ion  of  an  en l 
in  motion,  or,  more  pro|>erly.  of  an  engine  in  which 
the  blast-pipe  is  used.  Hut  if  the  engine  is  stopped, 
and  the  action  of  the  blast-pipe  interrupted  in  • 
sequence,  the  first  series  of  experiments  presented 
page  253,  proves  that  the  vaporization  per  unit  of 
ling  surface  then  reduces  itself,  on  an  average,  to 
'037  cubic  foot  of  water  per  hour,  that  is  to  say.  to 
about  a  fifth  of  what  it  is  at  the  velocity  of  15  or  20 
miles  jht  hour.  Thus,  it  will  be  possible,  in  all 
cases,  to  estimate  the  quantity  of  water  reduced  to 

steam  by  a  given  engine,  in  a  determined  tin  li- 
lt is  to  be  remarked,  that  were  the  vaporization 
of  claims   considered    as    composed   of  two  parts, 

namely,  the  vaporization  at  rest,  which  ia  constant, 
(•his  a  variable  augment  depending  on  the  vekx  I 
it   would  then  Ik-  deduced  from  the  preceding 
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perimenta,  that  this  variable  portion  changes  in  the 

ratio  of  the  cubic  roots,  and  not  in  that  of  the 
fourth  roots  of  the  velocities.  Hut  as,  in  reality,  it 
>t  the  absence  of  velocity  in  the  engine,  but  the 
interruption  of  the  action  of  the  blast-pipe,  which 
produces  the  observed  decrease  of  vaporization, 
during  the  moments  of  rest  of  the  engines,  it  ap- 
pears more  accurate  to  consider  these  two  effects  of 
the  engine,  with  or  without  blast-pipe,  as  entirely 
distinct  from  each  other.  Thus  we  will  say  that 
the  engine,  at  rest  or  in  motion,  but  without  blast 
pipe,  vaporizes  about  037  cubic  foot  of  cold  wafa  I 
per  hour,  per  square  foot  of  total  heating  surface ; 
but  that,  the  action  of  the  blast-pipe  once  intro- 
duced ami  regulated  by  the  velocity,  the  vaporization 
will  vary  according  to  the  fourth  root  of  the  latter, 
and  that  at  the  velocity  of  20  miles  per  hour,  the 
vaporization  will  be  *205  cubic  foot  of  water  per 
hour,  per  square  foot  of  total  heating  surface. 

It  must  however  be  observed,  with  respect  to 
these  determinations,  that  they  are  strictly  suitable 
only  to  boilers  constructed  in  proportions  not  very 
different  from  those  used  in  the  experiments  ;  that 
is  to  say,  according  to  what  has  been  explained 
■hove,  that  the  heating  surface  of  the  tire-box  ought 
not  to  be  under  a  tenth  of  the  total  heating  surface 
of  the  boiler,  and  the  orifice  of  the  blast-pipe  not 
much  larger  than  we  had  it  in  our  experiments, 
according  to  the  adopted  practice.  Were  any 
notable  change  made  in  this  respect,  were  the  coke 
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ot  an  inferior  quality,  or  the  engine  materially  <lil- 
ferent  in  construction  from  what  we  have  described, 
there  would  be  grounds  for  a  new  determination 
of  the  vaporization. 

In  fine,  we  will  again  add,  that  the  numbers  ob- 
tained above  indicate  rather  the  consumption  of 
water  of  the  boiler,  than  the  real  vaporization  pro- 
duced; for  we  shall  presently  see,  that  out  of  the 
total  water  thus  expended  by  the  engine,  there  is  a 
portion  which  is  drawn  into  the  cylinders,  mixed 
with  the  steam,  but  without  being  itself  vajmrized. 
Consequently,  to  obtain  the  real  vaporization  of  the 
engine,  it  will  Ixs  necessary  to  take  account  of  this 
i  inuinstance,  as  we  shall  do  further  on. 


Sbct.  VI.   Of  the  loss  of  steam  which  takes  place  by 
the  sn1  ■>•*,   during    the   work   of  locomotive 

enrjines. 

Among  locomotive  engines  there  are  a  gnat 
number  which  are  subject  to  a  continual  loss  of 
steam  by  the  safety-valves.  This  effect  ari 
the  engine  being  designedly  constructed  with  an 
excess  of  power ;  that  is  to  say,  that  according  to 
the  production  of  steam  which  takes  place  in  its 
boiler,  the  engine  could  draw  its  regular  load  at  a 
m  velocity  than  it  is  allowed  to  do.  The  result 
is,  that  to  prevent  the  engine  from  acquiring  too 
DWi  u  velocity,  it  becomes  necessary  partially  to 
close  the  regulator,  that  u,  to  diminish  the  passage 
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oi  the  strain,  till  no  more  enters  the  cylinder  than 
the  quantity  necessary  to  produce  the  desired  ve- 
locity. Then  the  surplus  accumulating  in  tin-  boiler, 
at  last  raises  the  safety-valve  and  escapes  into  the 
atmosphere.  When  this  loss  takes  place  only  on 
the  regulator  being  somewhat  closed,  it  is  but  a 
proof,  as  we  have  said,  of  a  surplus  of  power  wbicb 
the  engine  holds  in  reserve.  But  if  it  takes  place 
more  or  less  under  all  circumstances,  then  it  dc- 
■  on  the  steam-ways  being  too  narrow,  and  is 
consequently  a  defect  in  the  engine  ;  in  either  case, 
however,  it  is  necessary  to  obtain  a  valuation  of 
this  loss. 

There  is  yet  another  case  in  which  engines  are 
subject  to  a  loss  of  steam  by  the  valves  ;  but  tins 
wing  to  a  different  cause  from  the  preceding, 
and  exhibits  itself  much  more  abundantly :  it  is 
when  the  engine  ascends  a  steep  acclivity,  with  BD 
apparently  moderate  load,  or  when  it  ascends  a 
moderate  inclination,  with  a  very  heavy  load.  At 
these  moments  the  valves  arc  always  seen  to  emit 
an  enormous  quantity  of  steam.  The  reason  is  that, 
as  Boon  as  the  engine  reaches  the  inclined  plane,  its 
load  instantly  becomes  extremely  heavy,  on  account 
ol  the  nirplua  <>l  traction  required  by  the  gravity  on 
the  plane.  It  has  been  shown,  in  effect,  that  on  a 
plane  inclined  ,£„,  every  ton  produces,  by  gravity 
alone,  a  resistance  equal  to  that  of  37  tons  on  a 
level.  It  happens  therefore,  at  that  moment,  that 
the  resistance  of  the  train  may  become  greater  than 
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the  actual  pressure  of  the  safety-valve.  Conse- 
quently tin-  steam,  instead  of  flowing  by  the  cylinder, 
driving  book  the  piston,  raises  the  safety-valve. 
escapes  into  the  atmosphere.  If  then  the  passage 
which  the  steam  thus  opens  for  itself  wen  rofflcianl 
for  its  total  etllux,  no  more  steam  would  pass 
through  the  cylinder,  and  the  engine  would  in- 
ibly  stop.  But  we  have  already  said,  in  speak- 
ing of  safety-valves,  that  they  are  held  in  place  by  a 
spring  which  exerts  a  resistance  by  so  much  the 
greater  as  it  is  more  compressed.  The  safety-valve 
then,  Mug  raised  by  the  steam,  acquires  more  and 
more  pressure,  and  thus  there  will  occur  a  point 
when  that  pressure  becomes  sufficient  to  keep  the 
train  in  motion  on  the  plane.  The  steam  at  this 
moment  is  free  to  escape  at  once  by  the  safety-valve 
and  by  the  cylinder,  and  divides  itself  between  the 
iwaflt,  in  proportion  to  the  orifices  offered  by 
l  In  in.  Consequently  the  motion  of  the  train  thai 
continues,  hut  on  condition  that  the  steam  shall 
preserve  this  accidental  pressure  ;  that  is  to 
that    the  -hall  still   remain  at  the  same  ]>oint 

of  elevation,  or  in  fine,  on  condition  that  a  con- 
siderable portioo  of  the  steam  shall  be  lost  in  tin- 
atmosphere.  This  loss  might  be  greatly  diminished, 
by  momentarily  increasing  the  pressure  of  the 
safety-valve,  so  as  to  put  it  in  equilibrio  with  the 
resistance  which  the  train  on  the  inclined  pi 
produces  against  the  motion  .  but  as  it  mighl 
pent  if  the  engine-men  were  allowed  this  facility, 
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that  they  would  use  it  inconsiderately  and  to  the 
detriment  of  the  engine,  a  collar  is  usually  fixed 
on  the  rod  of  the  spring-balance,  which  hinders  the 
nut  from  being  tightened  beyond  a  certain  point. 
This  loss  therefore  is  inevitable,  whenever  the  de- 
finitive resistance  produced  by  the  train  exceeds  the 
extreme  pressure  thus  fixed  on  the  engine. 

We  are  now  about  to  consider  in  turn  the  two 
wastes  of  steam  of  which  we  have  just  Spoken 

To  obtain  some  estimation  of  the  quantity  of 
steam  which  escapes  by  the  safety-valve,  during 
the  regular  work  of  locomotives,  we  had  recourse 
to  the  following  method.  During  the  whole  con- 
tinuance of  the  experiments  on  vaporization,  which 
we  have  just  presented,  we  noted  the  point  at  which 
the  valve  began  to  rise,  and  Carefully  observed  the 
mean  point  at  which  it  stood  by  the  effect  of  the 
blowing  of  the  steam.  The  interval  between  these 
two  degrees  gave  the  rising  of  the  valve  during  the 
experiment,  a  rising  in  virtue  of  which  the  issue  of 
the  steam  took  place.  Thus  it  will  presently  be 
seen  that  in  experiment  XII.,  the  valve  of  the 
PA,  fixed  at  20  degrees  of  the  balance  as  the 
starting  point,  rose  on  an  average  to  2P3  degrees 
by  the  blowing  of  the  steam.  The  rising  of  the 
valve,  or  the  passage  constantly  opened  to  the 
steam,  during  the  experiment,  was  therefore  1  ■'! 
degrees  measured  on  the  balance. 

On  the  other  hand,  when  the  regulator  of  the 
engine    was  illy    closed,    the   whole   of  the 


278 


<  II  AFTER    X. 


steam  generated  in  the  boiler  was  forced  to  esea|)e 
by  the    safety-valve.      Observing  then   how   many 

degrees  the  vnive  rose,   s*c  ooold  recognise  Um 

number  of  degrees  which  corresponded  to  Um  total 
production  of  steam  in  tin-  boiler.  Comparing  then 
the  first  rising  with  the  second,  that  is  to  say,  the 
partial  opening  of  the  valve,  which  took  place  in 
the  regular  work  of  the  engine,  with  the  opening 
capable  of  allowing  the  total  issue  of  the  steam,  we 
.1  estimate  the  lows  under  consideration,  as  a 
portion  of  the  total  steam  produced  in  the  boiler. 
In  the  following  Table  we  have  collected  the  ob- 
itions  made  on  this  head,  first  during  the  expe- 
riments on  vaporisation  already  given,  and  after- 
wards while  the  regulator  was  totally  closed.  With 
respect  to  the  numl>er  of  degrees  which  represent 
the  total  issue  of  the  steam  in  different  engines,  it 
will  be  conceived  that  this  number  depends  fil 
on  the  quantity  of  steam  produced  by  each  boiler  ; 
again,  on  the  diameter  of  the  valve,  which,  for  a 
same  degree  of  rising,  may  allow  a  greater  or  less 
passage  to  the  steam  ;  then  on  the  dimensions  of 
the  levers  and  the  size  of  the  divisions  of  the 
balance,  which  make  a  degree  of  that  balance  cor- 
respond to  a  more  or  less  considerable  rising ;  and 
lastly,  on  the  state  of  the  second  safety-valve  of  the 
engine,  which  may  itself  give  more  or  less  issue  to 
the  steam,  or  may  not  give  it  issue  at  all. 
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Experiments  on  the  haliitual  waste  of  steam  which  lakes 
place  by  the  safety-valves  of  locomotive  engines,  during 
thrir  regular  work. 


Number 

of  the 

wfwtawit 

Hum  of  the 

engine. 

Riling  of  ill.-  rain, 
in  dtgrai  ot  Ihi 

nolance, observed 'lu- 
ring t lie  cipmmcnt. 

Id:. mi;   of  tin-    lilvr.  m  ilr- 
iln-     'i.ll.-llii-i-,    .llf. 

Htal  i"  iri>''  MM  K)  UM 
lotalityof  tbcttcnm  formci 
during  the  complete  close 

nf  Hi.-  regulator. 

Xll. 

Vbsta. 

1-3 

3o 

XIII. 

FlRBILT   1. 

0 

.1 

XIV. 

— 

•7 

3 

XV. 

Fuar. 

1-5 

5 

XVI. 

— 

1-4 

5 

XVII. 

Lbbds. 

1-2 

■'■ 

XVIII. 

— 

2-0 

5 

XIX. 

VuLlAN. 

1-5 

5 

XX. 

Atla*. 

■7 

4 

XXI. 

— 

I 

4 

XXII. 

li 

4 

11-9 

46-fi 

From  this  Tabic  it  is  seen  that  the  rising  of  the 
valve  which  took  place  in  the  experiments  WW,  in 
degrees  of  the  balances,  11*9  out  of  46*5,  that  is  to 
say,  it  amounted  to  nearly  a  fourth  of  the  total 
steam  produced  during  the  total  close  of  the  regu- 
lator. Now,  during  the  close  of  the  regulator,  the 
steam  produced  by  the  engine  no  longer  passes  to 
the.  cylinders,  and  consequently  ceases  to  urge  the 
lire  in  the  rirc-box  ;  and  we  have  seen  that  during 
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the  suspension  of  that  .artificial  excitation  of  the 
fire,  the  engine  produces  scarcely  a  fifth  part  ■ 
vaporization  during  the  work.  It  is  therefore  to  he 
concluded  from  the  preceding  experiments,  tliat  in 
the  engines  submitted  to  observation,  the  loss  of 
steam  by  the  valves  might  be  valued  approxima- 
tively  at  .jl„  of  the  total  steam  produced  in  the 
lM>iler  during  the  motion  of  the  engine. 

The  loss  which  has  just  occupied  our  attention  is 
in  some  sort  permanent  during  the  work  of  the 
Det,  and  among  all  those  which  we  have  tab 
milled  to  experiment,  the  Star,  whose  passages  for 
Hi  circulation  of  the  steam  arc  very  large,  is  the 
only  one  that  was  exempt  from  it.  It  will  be  ne- 
cessary then  to  take  account  of  this  circumstance, 
for  all  engines  liable  to  it,  during  the  whole  con- 
tinuance of  the  work  of  the  engine. 

As  to  the  loss  which  now  remains  to  treat  of,  and 
which  is  occasioned  in  ascending  steep  acclivities,  it 

B8  place  in  all  engines;  but  it  is  merely 
dental,  and  need  not  be  taken  into  consideration 
except  in  calculations  that  may  be  relative  to  the 
traversing  of  those  planes.  To  obtain  an  approxi- 
mate valuation  of  this  loss,  we  used  the  same  mode 
as  in  the  preceding  research :  we  attentively  ob- 
served the  engines  of  the  Liverpool  and  Manchester 
Railway,  while  ascending,  without  an  auxiliary  en- 
gine, the  planes  of  Sutton  and  Whiston,  inclined  ^ 

and  A,  and  &6  acclivity  of  Chatmom,  inclined  iVcar 

and  noted  the  rising   of  their  valves   which    look 
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place.  The  following  Table  contains  the  result  of 
those  observations.  <  •  nii|i;ired  Bfl  before  With  the 
rifling  capable  of  giving  issue  to  the  whole  of  the 
steam  produced  in  the  boiler  during  the  complete 
close  of  the  regulator. 


Experiments  on  the  accidental  lot*  which  takes  place  by  the 
safety-valves  oflocomotirr  rnyinc,  while  ascending  plants 
consideruhlij  inclined. 


NUMOf 

IU«  tnjiM. 

1 
• 

Wd«hl 
o*lh« 

n„,.n.. 

!.M<lof 

(btcininc. 
UnJ«p 

.ii.-jii.i..r 

Inrllnii. 

1 

Hie 
|>lanc. 

>'•! 1 

,.(  i)„. 

BUMi  par 

limit. 

lUng  "i  Hi.- 

ISjtVI,  In  tip. 
rm  of  the 
M^flTTT  "l>- 
*rr\..l  ilurlnj 
the  A...  i.l    .1 
Hi.  I'Um. 

Hump 

Q   'lr>|T»«*« 

Ihui  bo  ito~  lt> 

■ 

of  thr  M-iruUivr. 

(■in.-. 

tons. 

Vmta. 

8-71 

3315 

it 

1411 

2-50 

35 

Pu»Y. 

820 

48-80 

it 

15  00 

4 

6 

tVVt, 

8-20 

5616 

it 

0-31 

3 

6 

Lkidi. 

707 

35-15 

A 

1000 

1 

5 

VUI.CAW. 

8-34 

3U-07 

A 

11-42 

5 

5 

Atlai. 

1140 

195-5 

800 

1-75 

4 

Am-. 

11-40 

40-13 

it 

740 

250 

1 

19-75 

si* 

From  these  experiments,  it  is  visible  that  when, 
b]  reason  of  an  excessive  load  on  a  moderate  in- 
clination, or  of  an  ordinary  load  on  a  strep  acclivity, 
the  engines  are  called  upon  to  work  at  a  pressure 
bighet  than  that  fixed  by  their  safety-valve,  they 
are  liable  to  a  variable  lose,  but  which  here  on  an 
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average  amounts  io 


1975 
31-5 


of  the  strum  produced 


Ity  the  boiler  doling  the  close  of  tin;  regulator.  Ami 
as  we  have  shown  that  the  latter  vaporization  is  -J 
of  that  which  takes  place  during  the  action  of  the 
Uost-pipe,  that  is,  during  the  progression  of  tlie 
engine,  the  above  loss  may  be  represented  by 

1975 


31-5 


Xi  =  i=l2 


of  the  total  vaporization  produced  by    the    en 
during  its  motion 

It  is  conceivable,  however,  that  the  extent  of  tin 
lental   loss  must  vary  under  different  circum- 
stances, and  that  it  depends  on  the  diameter  of  the 
valves,  the  length  of  the  levers,  the  elasticity  of  the 
sprint;  of  the  balance,  and  above  all  on  the  excess 
of  the  momentary  resistance  of  the  train  above  the 
pressure  at  which  the  safety-valve  of  the  engine  is 
regulated,     For  this  reason,  in  calculations  win  1 1  fa 
precision  is  required,  it  will  be  necessary,  ; 
as  possible,  to  take  account  of  it  from  direct  oh 
ation  for  every  engine. 


Skct.  VII.    ()/  thi  <i ntcr  drawn  into  the  cylinder* 

in  ilx  liquid  state,  and  of  the  rffecttn   vaporisation 
of  thr  enijines. 

Then-  exists  another   loss  much  more  import 

the  pra  and  to  « imh  locomotive enj 
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Ufl  |  ■;'.!  t  itrularly  subject,  by  reason  of  the  contiuu:il 
which  they  undergo  in  their  motion,  of  the 
little  elevation  of  the  entrance  of  the  steam-pipe 
above  the  level  of  the  water,  of  the  small  space 
reserved  to  the  steam  for  its  accumulation,  and  of 
the  exceeding  rapidity  with  which  the  steam  issues 
>in  the  liquid  in  the  boiler.  This  loss  consists  of 
considerable  quantity  of  water  drawn  into  the 
cylinders  in  its  liquid  state,  and  mixed  with  the 
steam,  but  without  being  itself  vaporized.  To  con- 
ceive how  this  effect  is  produced,  it  suffices  to 
Observe  the  enormous  quantities  of  water  which  are 
Im  III  m  suspension  in  the  air,  in  the  form  of  eta 
and  home  about  by  the  wind.  As,  moreover,  the 
steam  which  is  produced  in  the  boiler  of  locomo- 
lives  is  of  a  density  much  greater  than  that  of  the 
air,  and  as  instead  of  touching  merely  the  surface 
of  the  liquid,  it  disengages  itself  from  the  very 
middle  of  that  liquid,  one  need  not  be  surprised 
that  it  draws  along  with  it  a  very  considerable  mass 
of  water;  and  this  effect  will  naturally  be  produced 
during  the  whole  time  of  the  work  of  the  engine. 

To  obtain  a  valuation  of  the  loss  which  occurs  in 
locomotives  from  this  cause,  we,  either  by  aug- 
menting the  load,  or  by  lowering  the  pressure,  or 
by  choosing  inclined  portions  of  the  road  to  tra- 
verse, placed  the  engines  in  such  circumstances  that 
the  pressure  of  the  steam  in  the  cylinder  could  differ 
but  very  little  from  the  pressure  in  the  boiler ;  and 
we  then  compared  the  velocity  really  produced,  with 
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tl>;it  which  ought  to  have  heen  produced,  had  the 
totality  of  the  water  expended  by  tin-  engine  been 

really  converted  into  steam.    The  difference  beta 
the  water  corresponding  to  the  actual    velocity  of 
tin-  engine  and  the  total  water  expended  dnring 

the  motion,  showed  the  quantity  of  water  carried 
in  its  liquid  state  into  the  cylinders  with  the  steam. 
The  cases  in  which  the  engine  works  at  a  pressure 
in  the  cylinder  sensibly  equal  to  that  of  the  boiler, 
have  already  been  pointed  out ;  they  are  those 
wherein  the  engine  reduces  its  velocity  till  it  lie- 
comes  impossible  to  admit  that  the  steam  can 
increase  in  volume,  and  consequently  diminish  in 
pressure  on  entering  the  cylinder,  since  such  an 
increase  of  volume,  slight  as  it  might  bo  imaginnl 
to  be,  would  necessarily  bring  with  it  a  greater 
velocity  of  the  engine  than  the  velocity  observe!. 

Now  in  performing  for  the  different  experiment! 

which  we  are  about  to  report,  the  calculation  neces- 
sary to  compare  the  real  velocity  of  the  engine  with 
the  velocity  which  ought  to  correspond  to  the  total 
expenditure  of  water  of  the  boiler,  it  will  be  recog- 
nised that  in  those  experiments,  the  pressure  of  1  lie 
steam  in  the  cylinder  could  not  be  sensibly  less  i 
the  pressure  in  the  boiler ;  and  this  fact  will  again 
be  found  verified  on  performing,  in  the  manner 
develojKHl  in  Chapter  IX.,  the  calculation  of  the 
resistance  then  exerted  by  the  load  against  the 
piston,  a  resistance  which  m  shall  see  equal  to  the 
pressure  of  the  steam  in  the  cylinder. 


OF  THB  VAPORIZATION  OF  THE   BNOZNB8.       285 

To  show  how  the  calculation  has  been  performed 
in  the  following  experiments,  we  will  give  it  in 

detail  for  the  first  of  them.      In  this  experiment,  the 

ie  Atlas,  expending  43-81  cubic  feet  of  water 
per  hour,  at  the  average  velocity  of  8-99  miles  per 
hour,  Resumed  on  an  inclined  plane  and  with  a 
considerable  load,  a  velocity  of  8-00  miles  per  hour, 
working  at  a  total  pressure  of  69*7  the.  per  square 
inch  in  the  boiler.  As  the  engine  was  then  moving 
only  at  8  miles  per  hour,  whereas  its  mean  vapor- 
ization of  4381  cubic  feet  of  water  had  been 
observed  at  the  velocity  of  8!)9  miles  per  hour,  and 
as  it  has  been  shown  that  the  vaporization  of  engines 
varies  as  the  fourth  roots  of  the  velocities,  we  see, 
firstly,  that  its  vaporization  during  the  portion  con- 
sidered of  the  experiment,  must  have  decreased  to 
42" 55  cubic  feet. 

On  the  other  hand,  the  safety-valve  of  the  engine, 
observed  at  the  same  moment,  was  raised  1*75 
degrees  of  the  balance,  and  in  the  engine  Atlas, 
an  elevation  of  4  degrees  of  the  balance  suffices,  as 
has  been  said  above,  to  give  issue  t"  the  whole  of 
the  steam  that  the  engine  can  produce  while  at 
rest.  The  loss  of  steam  by  the  safety-valve  was 
therefore 

L2?  =  -4375 


of  the  vaporization  of  the  engine  at  rest.  Now  it 
has  been  shown  that  the  vaporization  while  ;.l  re  I 
is  -037  cubic  foot  of  water  per  hour,  per  square  foot 
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of  total  heating  surface  ;  and  referring  to  the  Table, 
page  37,  Chapter  I.,  m  sec  that  the  total 
surface  of  the  Atlas  is  2.">  I  .'51  square  feet      Hence 
the  loss  of  steam   which    took   place  by  the  Bal 
valve  during  the  ascent  of  the  plane,  was 

4375xa37x254  31=412  cubic  feet  per  hour. 

Consequently  the  effective  vaporization  of  the  en- 
gine, at  the  same  moment,  was 

4255  -  4- 12  =  3843  cubic  feet  per  hour. 

Hut  since  the  pressure  in  the  boiler,  at  the  moment 
i;i  the  experiment,  was  <J9'71bs.  per  square   inch, 
and  the  relative  volume  of  the  steam  at  that  p 
sure  is   407  times    that   of  the  water,    it   is   | 
in  the  first  place,  that  admitting  the  steam  to  have 
been  expended  m  the  cylinder  at  the  pre*  i  the 

boflar,  which  la  the  greatest  pressure  it  can  be 
Mippoaed  to  have,  it  would  have  produced  a  volume 
of 

407  X  3843  =  16641  cubic  tat. 

On  (he  other  hand,  as  the  diameter  of  the  cytin- 

of  this  engine  i>  I  foot,  and  the  stroke  of  the 

piston    Hi   inches  or   1*33   foot,   the  two  cylinders 

augmented  by  „'„  tor  the  vacant  spaces  filled  by   the 

steam  at    each    stroke,  but   not    traversed    by    the 

ii,  offered  a  capacity  of 

2-199  cubic  feet. 

BllOfa  then  was  the  volume  of  steam  expended  .it 
each  stroke  of  the  perton.      Bol    -nice    the   engine 
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moved  at  :i  velocity  of  8  miles  or  42240  feet  par 
hour,  with  a  wheel  of  5  feet  in  diameter,  or  1 571  feet 
in  circumference,  it  follows  that  it  performed  in  an 
hour  2689  turns  of  the  wheel,  and  consequent  I '. 
gave  5378  strokes  of  the  piston  in  both  the  cj 
liuileis.     The  volume  therefore  of  steam  which  it 

expended  was  hut 

5378  X  2199  =  1 1827  cubic  feet. 

Now,  we  have  seen  that  supposing  the  steam  to 
have  had  in  the  cylinder  the  same  pressure  as  in  the 
lx>ilcr,  it  would  already  have  produced  a  volume  of 
1 564 1  cubic  feet,  and  every  supposition  of  a  smaller 
piUQBUre  for  the  steam  carries  with  it  the  necessity 
of  a  volume  still  greater.  Consequently,  it  is  im- 
possible to  admit  that  the  steam  can  have  expended 
itself  in  the  cylinder  at  a  lower  pressure  than  in  the 
boiler. 

Moreover,  since,  supposing  even  the  steam  in  the 
cylinder  at  the  same  pressure  as  in  the  boiler,  which 
is  the  most  favourable  supposition  we  can  make,  il 
still  happens  that  the  volume  of  steam  expended 
by  the  cylinder  is  less  than  the  volume  of  steam 
rated  in  the  boiler,  a  part  of  the  water  DlttSl 
have  lx-en  carried  from  the  boiler  to  the  cylinder,  in 
its  liquid  state  -,  and  the  comparison  between  the 
quantity  of  water  consumed  by  the  boiler  and  that 
which,  in  the  state  of  vapour,  corresponds  to  the  ve- 
locity of  the  piston,  shows  that  the  quantity  of  water 
really  converted  into  steam,  is  to  the  total  quantity 
of  water  consumed,  in  the  ratio  of  the  numbers 
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11827 


I  :>b-4  1 


=  •76 


Tims,  in  this  experiment,  We  sec  thai  1M  i>l  the 
water  ex  ]  tended  by  the  boiler  was  carried  into  the 
cylinders  without  being  minced  to  steam,  or  that  the 
real  vaporization  of  the  engine  was  '76  of  the  total 
water  expended. 

For  the  other  experiments,  we  give  in  the  fol- 
lowing Table  all  the  elements  of  the  calculation, 
which  is  performed  in  a  manner  entirely  similar, 
except  that  in  the  ex|>eriincnts  made  with  the  CO 
Star,  on  the  acclivity  of  rata),  no  blowing  of  the 
safety -valve  took  place,  which  dispenses  with  intro- 
ducing a  reduction  in  that  respect. 

It  will  be  observed  that  if,  in  any  one  of  these 
experiments,  we  had  committed  an  error  in  admit- 
ting that  the  pressure  in  the  cylinder  was  1 1 u ■  same 
U  in  the  boiler,  it  would  then  follow  that  the 
quantity  of  water  carried  in  its  liquid  state  with  the 
steam,  would  have  bean  greater  than  our  deters 
tion  gives  it,  for  that  experiment.  Consequently, 
we  are  sure  that  the  result  which  we  have  ohtamed 

i-  not  exaggerated. 

It  will  be  remarked,  again,  that  the  loss  here  ob- 
served in  the  engines,  cannot  be  attributed  to  the 

partial  condensation  of  the  strain  in  the  steam-ways 
and  cylinders,  because  the  position  of  these  in  the 
smoke-box,  when  they  are  in  continual  contact 
with  the  ilaine  of  the  lire-box,  renders  that  supposi- 
tion quite  inadmissible. 


THE   VAPORIZATION  OF  TIIK    RNGINRS. 


ill 


Hlljffll 


511 


3©    — 

i^       -~        *fi       •+       —       .1 

c«      •»      «      •»      w      n 


R    8 


4|  a 


—       —  o  rt  o  c» 

rt      •»  «  fj  <p  so 

K»j  M  oo  ^  e» 

«o  •»  »  w  « 


g 


Ib4j 


•i 


I-       o       c*        —       •*       — 


O  O  .I  <0  X  »- 


-c  I  I  -c  -s  * 


t.         -»         r»        §        O         «*» 


?    ?    3    9    * 


I    S    l 


5     « 

9>         >        « 


|  -O  .1  rt 


M  O  •£  ■£ 


s    i  r  _  - 


45 


I  til 


U 


290 


CHAPTER    X. 


These  results  make  known  kbe  quantity  of  water 

curried  in  its  liquid  state,  with  the  steam,  in  the 
engines  submitted  to  experiment.  When  we  shall 
present  (Chapter  XII.)  a  series  of  observations  on 
the  velocity  and  load  ol"  locomotives,  it  will  appear 
that  two  experiment*  made  with  the  engine  Star, 
on  the  plane  inclined  sV  would  equally  have  fur- 
nished, for  that  engine,  a  determination  of  the 
quantity  of  water  carried  with  the  steam  ;  hut  as, 
in  theM  two  cases,  the  rising  of  the  valve  took 
place  without  heing  observed,  and  as  it  could  have 
been  estimated  only  approximatively,  we  deemed  it 
proper  to  prefer  the  two  experiments  of  the  Table, 
00  the  plane  inclined  i;t\,„,  because  there  was  then 
no  loss  by  the  rarre,  which  removed  all  error  in  this 
respect. 

Among  the  engines  which  we  submitted  to  ex- 
periment, as  will  l>e  seen  further  on,  there  are  I 
the  Kikkkly  and  the  Leeds,  in  which  we  have  not 
been  able  to  determine  the  quantity  of  water  carried 
with  the  -team  The  reason  of  this  is,  that  the 
former  being  then  in  a  bad  state  of  repair, 
lOBUIg  water  by  the  tubes,  was  never  in  a  condition 
to  work  with  a  heavy  load.  As  to  the  second,  it 
<ime  ascended  the  plane  inclined  ^v  with  a  load  of 
.'!.'»  1.1  tons,  and  must  have  worked  at  full  pressure 
in  the  cylinder;  but  as  this  engine,  when  its  regu- 
lator was  quite  open,  was  liable  to  prime  consider- 
ably, that  is,  to  fill  its  cylinders  with  water  in  a 
liquid  state,  and  then  to  throw  that  water  through 
the  chimney  in  the  form  of  rain,  it  was  never  made 
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Wrk  but  With  the  regulator  partially  closed.  On 
the  other  hand,  when  ascending  the  plane  inclined 
fa,  the  regulator  had  been  entirely  opened,  in  order 
not  to  impede  the  work  of  the  engine.  It  was  then 
bond  to  lose  a  great  deal  more  water  than  in  the 
ordinary  course  of  its  work.  This  experiment,  then, 
could  only  determine  the  quantity  of  water  carried 
in  a  liquid  state,  in  an  exceptional  case,  and  not  in 
the  regular  working  state  of  the  engine.  The  other 
insfl  not  being  liable  to  the  effect  we  have  just 
mentioned,  did  not  offer  the  same  difficulty. 

The  results  which  have  just  DMO  presented  above 
show  that  the  quantity  of  water  carried  away  with 
the  steam,  varies  in  different  engines,  and  ought  to 
Ihj  determined  for  each  separately  ;  but  as,  in  taking 
the  means  between  the  different  experiments,  that 
loss  is  found  to  amount  to  -24  of  the  total  vaporiza- 
tion of  the  boiler,  this  proportion  may  be  adopted 
approximative^  for  engines  that  have  not  been 
directly  submitted  to  experiment  in  this  respect ; 
that  is  to  say,  in  order  to  have  the  effective  vapor- 
ization of  a  locomotive,  the  total  vaporization  of 
which  its  boiler  is  capable,  must  be  first  measured  ; 
from  the  result  must  be  subtracted,  if  necessary,  the 
loss,  either  accidental  or  permanent,  which  may  be 
observed  at  the  safety-valves,  and  the  remainder 
must  be  multiplied  by  the  fraction  *76.  Thus  will 
lie  obtained  the  volume  of  water  which  passes  into 
the  cylinder,  in  the  real  state  of  steam,  and  produces 
the  motion  of  the  piston. 
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This  average  determination  may  serve  for  engines 
not  submitted  to  the  experiment,  as  the  Lick 08  and 
tin  Kirrply  ;  but  for  those  which  have  been  the  ob- 
ject of  a  particular  determination,  the  latter  oughl 
of  course  to  be  employed,  because  the  quantity  of 
water  carried  with  the  steam  evidently  depend!  "" 
the  peculiar  construction  of  each  engine,  and  t 
cially  on  the  space  reserved  for  the  steam  to  form  and 
accumulate  in  the  boiler.  If,  in  effect,  that  BDBCC  ifl 
but  ten  times  the  capacity  of  the  cylinder,  it  is  clear 
that,  at  every  stroke  of  the  piston,  a  tenth  of  the 
steam  generated  will  pass  into  the  cylinder,  and  the 
density  of  the  remaining  steam  will  thus  !>c  found 
all  at  once  reduced  to  nine-tenths  of  what  it  was 
before.  This  great  change  of  density  will  immedi- 
ately demand  from  the  liquid,  a  new  quantity  oJ 
steam  to  replace  that  which  i-i  gone;  but  it  is 
dent  that  the  new  steam  will  emerge  from  the  liquid 
with  so  much  the  mora  violence,  and  consequently 
will  draw  by  so  much  the  more  of  that  liquid  with 

•  it  shall  rush  into  a  more  raritied  medium.      If 
then  the  space  reserved  to  the  steam  in  the  boflei 
contain   1(K)  eylinders-full  of  steam,  instead  of  in, 
H  the  difference  of  density  produced  at  each  stroke 
of  the  piston  will  be  but  yfoj,  instead  of  t\t,   the 

itity  of  water  carried  away  with  the  steam  will 
be  by  so  much  less  considerable.    Tins  is  a  fact  well 
known  in  practice;  for  engines  arc  observed  to 
much  more  liable   to  prime  when  the  lioder  i-  lull, 
than  when  it  is  moderately  tilled.      In  locomotive 
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engines,  the  space  left  to  the  steam  for  its  formation, 
consists  of  the  top  part  of  the  boiler,  and  what  is 
called  the  steam-dome.  Clearly  then,  a  boiler  too 
small,  or  a  steam-dome  too  confined,  tends  to  aug- 
ment the  effect  under  consideration. 

Moreover,  if  the  entrance  of  the  steam-pipe  is 
but  little  elevated  above  the  surface  of  the  water 
of  the  boiler,  and  if  it  has  a  large  diameter,  the 
result  must  naturally  be,  that  the  steam  will  the 
more  easily  he  raised  to  the  entrance  of  the  pipe, 
and  be  received  into  it  in  greater  abundance.  This 
is  why  Bonn  engines  arc  subject  to  priming  when 
their  regulator  is  quite  open,  which  depends  on  the 
orifice  of  the  regulator ;  and  were  the  inquiry  as  to 
the  quantity  of  water  carried  with  the  steam  sus- 
ceptible of  sufficient  precision,  it  is  probable  that  in 
all  engines  that  quantity  would  be  found  somewhat 
greater  in  the  eases  wherein  the  regulator  is  entirely 
open,  than  in  those  wherein  it  is  but  partially  so. 

The  quantity  of  water  carried  with  the  steam 
must  then  van  according  to  the  peculiar  construc- 
tion of  the  engines ;  but  it  is  yet  again  influenced 

by  circumstances  independent  of  the  construction. 

Thus,  when  a  very  active  fire  is  made  in  the  fire- 
Ik)\,  as  there  is  then  produced  in  the  boiler  a  very 
considerable  vaporization  for  the  quantity  of  water 
it  contains,  and  as,  in  consequence,  there  results  a 
current  of  steam,  through  the  liquid,  by  so  much 
the  more  violent,  it  is  conceivable  tha»t  the  water 
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carried  with  the  steam  must  augment  at  tin 
time.  In  like  manner,  foulness  of  the  water,  fa 
ing  at  the  surface  a  scum  which  the  steam  blows 
and  inverses  continually,  must  produce  a  similar 
edict  ;  and,  in  fine,  the  higher  the  pressure  [fl  tin 
boiler,  the  more  easily  the  steam  must  carry  the 
liquid  water  witli  it. 

From  what  has  just  been  seen,  the  carrying  away 
of  water  in  a  liquid  state  takes  place  in  the  engines 
Without  external  sign  of  it   being  manifested, 

because  the  water  mixed  with  the  steam  dissipates 
elf  with  it  in  the  air.  But  there  are  momenta 
win  n  (Ml  i  tint  is  so  violent,  that  it  exhibits  itself 
externally  in  a  very  evident  manner.  This  occurs 
when  the  boiler  is  too  full,  or  when,  in  order  to  set 
tli  i"  motion,  the  regulator  is  opened  sud- 

denly, instead  of  being  opened  by  degrees.    At  such 
times  is  seen  immediately  to  fall  from  the  chimney 
an  actual  rain,  which  in  practice  is  expressed  by 
laying  that  the  engine  B  priming.     In  the  first  case, 
the  quantity  of  water  carried  with  the  steam  evi- 
dently proceeds  from  the  diminution  of  the  space 
to  the  steam  for  its  formation.     In  the  second 
it  proceeds  from  the  opening  of  the  regulator  giving  . 
all  at  once  a  considerable  issue  to  the  steam,  whilst 
and  pipes  are  then  hut  slightly  warm, 
and  tilled    with  a  steam    extremely  rarified.      The 
steam  at  that  moment    accumulated   m   the  boiler 
is  thcicioir  in  a  manner  carried  oft'  suddenly,  ami 
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in  the  agitation  caused  by  the  rapid  formation  of 
the  new  steam,  a  great  quantity  of  water  is  carried 
with  it. 

The  extent  of  the  lews  which  has  just  occupied 
our  attention,  explains  how  some  boilers  cxj>end 
water  so  rapidly  that  it  is  impossible  to  keep  them 
full,  even  at  a  very  moderate  velocity,  and  how  it 
has  sometimes  happened  that  by  merely  changing 
the  steam-dome  of  an  engine,  a  considerable  re- 
duction has  heen  made  in  its  expenditure  of  fuel. 
For  this  reason  there  is  room  to  think  that  as  the 
construction  of  locomotives  shall  advance  towards 
perfection,  this  loss  will  diminish,  and  consequently 
the  consumption  of  fuel  which  attends  it  will  di- 
minish at  the  same  time.  It  is  however  to  be 
observed,  that  the  loss  of  fuel  resulting  from  this 
delect  is  not  in  proportion  to  the  loss  of  water 
f;  because  the  latter  being  carried  off  from  the 
IkhUt  in  a  state  of  liquid,  carries  with  it  only  the 
sensible  heat  indicated  by  the  temperature  of  the 
boiler,  whereas,  the  rest  of  the  water  being  carried 
off  in  the  state  of  steam,  carries  with  it,  besides,  the 
latent  heat  necessary  to  its  existence  in  the  state  of 
;ii!  elastic  fluid. 
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OF  FUEL. 

Sbct.  I.  Experiments  on  the  consumption  of  fuel  ne- 
cessary to  produce,  in  locomotive  engines,  a  given 
vaporization. 

Before  passing  ou  to  the  calculation  of  the  effects 
of  locomotives,  there  is  still  another  element  of  that 
calculation  which  it  is  indispensable  to  consider ; 
namely,  the  quantity  of  fuel  necessary  to  product-, 
in  locomotive  engines,  a  given  vaporization. 

In  order  to  arrive  at  the  determination  of  this 
element,  during  the  experiments  presented  above, 
and  which  bad  for  their  object  to  make  known  the 

vaporization  of  the  boiler,  we  carefully  noi 

the  corresponding  quantity  of  fuel  consumed.  To 
thai  end,  the  tender  was  tirxt  completely  emptied  QJ 
all  the  remaining  fuel,  the  coke  then  accurately 
weighed  and  put  into  the  tender.  The  tire-box 
was  besides  filled  with  coke  to  the  level  of  the  lower 
part  of  the  door.  At  the  end  of  the  experiment, 
the  hrc-!>o\  was  rilled  anew  to  the  same  height,  and 
what  coke  remained  in  the  tender  v.  bed  with 

the  same  care  as  before  startinir. 

In  all  the  c.\|>enincnls    the  fuel    employed  was 
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COfa  of  the  best  quality,  or  Worsley  coke,  which 
is  prepared  expressly  for  foundries.  When  the 
engines  use  that  which  is  obtained  from  the  gas- 
works, they  consume  about  12  jk.t  cent,  more,  ex- 
iliisively  of  tin:  loss  arising  from  the  friability  of 
that  fuel.  It  has  moreover  been  found  that  the 
sulphurous  parts  contained  in  it  are  particularly  de- 
structive to  metals,  and  for  that  reason  the  Liver- 
pool and  Manchester  Railway  Company  have  com- 
pletely renounced  the  use  of  it,  notwithstanding  its 
moderate  price.  The  smoke  emitted  by  the  com- 
bustion of  coal  prevents  its  being  usually  employed 

in  loromotivi's.  and  therefore  v,  B  have  made  no  re- 
searches as  to  the  use  of  that  fuel. 

The  experiments  of  which  we  are  about  to  give 
the  results  were  made  on  the  Manchester  and  Liver- 
pool Railway.  To  take  account  of  the  delays  which 
occurred  on  the  road  during  the  trip,  and  of  the  de- 
scent of  the  inclined  planes  with  the  regulator  shut, 
we  employed  the  same  method  as  for  the  valoriza- 
tion. Thai  is  to  gay,  tince  experience  shows  that 
the  consumption  of  fuel  in  the  engines,  while  at  rest 
or  without  the  action  of  the  blast-pipe,  is  about  the 
fifth  of  their  consumption  while  in  motion,  we  have 
replaced  the  time  of  suspension  of  the  action  of  the 
blast-pipe  by  the  fifth  of  that  time,  which  we  have 
then  added  to  the  time  of  the  effective  progression 
of  the  engine  ;  and  it  is  by  the  total  time  thus  found 
that  we  have  divided  the  fuel  expended,  to  deduce 
therefrom  the  consumption  of  fuel  per  hour  of 
motion. 
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In  examining  these  experiments,  it  will  be  proper 
first  to  distinguish  the  BfieotB  of  the  introduction  of 
the  blast-pipe  itself,  from  Ibfl  effects  which  are 
afterwards  due  to  the  more  or  less  contraction  of  it. 

The  first  three  experiments,  which  were  made 
Without  the  application  of  the  blast-pipe,  prove  that 
the  fuel  consumed  per  hour  in  a  locomotive  engine 
in  which  the  waste  steam  is  not  employed  to  excite 
the  fire,  and  consequently  in  a  locomotive  engine  at 
rest,  is  but  about  a  fifth  of  the  consumption  which 
takes  place  in  the  same  engine,  during  the  use  of  the 
blast-pipe,  or  during  the  progression  of  the  train. 
This  is  the  fact  which  we  have  just  made  use  of  to 
take  account  of  the  stoppages  of  the  engines. 

As  soon  as  the  blast-pipe  is  employed,  the  con- 
sumption of  fuel  per  hour  in  the  fire-box  augments 
considerably,  and  consequently  the  corresponding 
vaporization.  But  comparing  the  first  and  second 
series  of  the  preceding  experiments,  we  pen 
that  the  vaporization  produced  docs  not  augment 
quite  so  fast  as  the  consumption  of  fuel.  In  effect, 
in  the  second  series,  the  ratio  between  the  surface 
of  the  fin-boa  and  the  total  heating  surface  is 
nearly  the  same  as  in  the  first  series.  There  is 
room  then  to  think,  from  what  will  presently  be 
"  ,i,  that  the  consumption  of  fuel  per  cubic  foot  of 
water  vaj>orized,  would  have  been  nearly  the  same 
in  the  two  series,  if  the  second  had  not  taken  pbos 
with  the  use  of  the  blast-pipe.  Whereas,  we  find 
that  the  consumption  of  fuel,  which  was  only  0  lbs. 
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of  coke  j>er  cubic  foot  of  water  in  the  first  case, 
amounted    in  the  second  to    1 1  '3  lbs.      Hence  we 

must  then  conclude  that  the  introduction  of  the 
blast-pipe  greatly  aids  the  combustion,  but  that  the 
definitive  vaporization  produced  by  the  engine  does 
not  augment  in  an  equal  proportion ;  and  we  shall 
presently  sec  the  reason  of  it,  viz.,  that  when  the 
consumption  of  fuel  increases  by  the  introduction 
of  the  Mart-pipe,  t he  heating  surface,  remaining  the 
same,  no  longer  preserves  the  same  proportion  with 
the  quantity  of  furl  consumed. 

Thus,  at  first,  we  see  that  the  introduction  of  the 
blast-pipe  leads  to  the  result  of  increasing  the  con- 
sumption of  fuel  per  hour  in  the  fire-box, 
likewise  the  vaporization  of  the  boiler,  though  in  a 
less  proportion.  But  in  seeking  afterwards  the  in- 
fluence of  a  greater  or  less  contraction  of  the  blast- 
pipe,  we  cannot  clearly  distinguish  any  very  marked 
effects  in  that  respect.  There  is  room  to  think 
that  the  consumption  of  fuel  per  hour,  at  equal 
velocities  of  the  engine,  must  be  increased  to  a 
certain  degree  by  the  contraction  of  the  blast-p 
as  we  have  said  in  treating  of  the  vaporization  ■ 
but  this  augmentation  appears  too  slight  to  show 
itself  in  a  decided  manner.  It  is  easily  found  com- 
pensated by  accidental  circumstances,  of  which  it  is 
impossible  accurately  to  take  account,  such  as  the 
quality  of  the  fuel  employed  and  the  care  of  the 
engine-man  in  stoking  the  fire  ;  and  we  see  defini- 
tively that,  in  practice,  and  regarding  only  the  usual 
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variations  <>t'  the  blast-pipe,  we  may  consider  the 
consumption  of  (hd  per  hour  as  undergoing  no 
sensible  change  with  the  size  of  the  blast -pipe. 


Sect.  II.  Of  the  most  advantageous  proportion  to 
establish  between  the  fire-box  and  the  tubes  of  the 
boiler,  in  locomotive  engines. 

It  is  still  to  be  remarked  in  the  preceding  Table, 
that  the  different  engines  are  more  or  less  econo- 
mical with  regard  to  fuel,  in  proportion  to  the 
corresponding  vaporization  ;  that  is  to  say,  they  do 
not  all  consume  the  same  quantity  of  fuel  to  pro- 
duce  the  same  vaporization.  With  this  in  view,  we 
have  divided  the  engines  into  several  series,  accord- 
ing to  the  ratio  which  exists  in  each  of  them  U'twecn 
the  heating  surface  of  the  fire-box  and  that  of  the 
tubes,  or,  which  comes  to  the  same,  between  the 
heating  surface  of  the  fire-box  and  the  total  heating 
surface  of  the  boiler.  In  the  engines  of  the  first 
and  second  series,  the  total  heating  surface  is  about 
(')')  times  that  of  the  fire-box  ;  in  the  third  series,  it 
amounts  to  87  times  that  of  the  fire-box  ;  and  in 
fine,  in  the  fourth  series,  the  total  heating  surface  is 
but  4  C>  times  that  of  the  fire-box.  The  means 
deduced  from  each  series  of  experiments  show  the 
motive  of  thk  division;  for,  comparing  them  to- 
gether, we  form  the  following  Table. 
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Experiments  on    the  most  attvantugeuus  proportion  to  he 
established  dettreeo  the  fite-bux  ami  tubes,  in  I; 
engines. 
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We  see  by  this  labia  that  tlie  consumption  of 
I'm]  per  cubic  foot  of  water  vaporized,  is  so  much 

t Ik-  tea  m  the  total  beating  surface  offers  a  greater 

extent  relatively  to  the  fire-box;  and  this  result  is 
easily  accounted  for  on  observing  that  the  less  fuel 
is  consumed  in  an  engine  whose  heating  surface 
docs  not  vary,  the  more  heating  surface  tlui 
per  |H>und  of  fuel  consumed,  and  consequently  the 
more  completely  absorbed  by  the  liquid  is  the  ca- 
loric developed  by  each  |>ound  of  fuel.  Thus,  in 
the  third  series,  the  fire-box  was  of  such  dimensions, 
that  the  engine  consumed  on!)  583  lbs.  of  coke  per 
hour,  whereas  in  the  engines  of  the  second  series, 
the  fire-box  could  consume  715  lbs,  of  coke  in  the 
same  time.  On  the  other  hand,  in  each  of  the  two 
scries  the  total  heating  surface  offered  to  the  ac 
of  the  fire  was  nearly  the  same,  namely,  320  and 
821    square  feet.     The  caloric  developed  by   i 
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pound  <>t  coke  was  then  received  by  a  surface  of 
-  AH  square  foot  in  the  second  series,  and  of 
s  -5.r)  square  foot  in  the  third  ;  which  explains 
the  advantage  of  the  latter  on  the  score  of  economy. 
It  is  for  the  same  reason  likewise,  that,  in  the  first 
series,  the  engines  without  blast-pipe,  though  of 
similar  proportions  to  those  of  the  second  set 
have  yet  been  more  economical  in  their  expen- 
diture, because  the  absence  of  the  blast-pipe  having 
rendered  the  consumption  of  fuel,  in  those  engines, 
less  considerable  for  a  like  heating  surface,  the  case 
became  similar  to  that  of  the  third  series  compared 
to  the  second. 

Finally,  a  like  effect  is  again  recognisable  in  the 
Comparison  of  the  third  and  fourth  series.  In  the 
latter,  the  quantity  of  fuel  consumed  was  not  greater 
than  in  the  third  series  ;  but  the  heating  surface 
exposed  to  receive  the  action  of  the  fuel  was  only 
264  square  feel  instead  of  320  ;  and  a  corre- 
spondent difference  of  economy  has  resulted  for  the 
production  of  the  steam. 

We  may  then  at  once  conclude  from  what  prc- 
,  that  the  most  economical  locomotive  engines 
are  those  whose  heating  surface  is  the  greatest  rela- 
tively to  the  consumption  of  fuel  in  the  fire-box  ; 
and  as,  in  the  same  system  of  construction  of  fire- 
boxes, and  with  the  use  of  the  blast-pipe,  the  con- 
sumption of  fuel,  that  is,  the  capacity  of  the  fire- 
box, may  be  regarded  as  sensibly  proportional  to  its 
heating    surface,    it    is    visible  that  the    most  eco- 
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iioniical  locomotive  engines,  with  respect  to  fuel 
1 1 1  ■  > -- o  in  which  the  total  beating  surface  is  gre;; 
relatively  to  that  of  the  fire-hox. 

From  this  remark,  one  should  then  be  induced  to 
increase   more  and  more  the  surface  of  the  tulx-s 
relatively  to  that  of  the  fire-box  ;    there  would,    in 
effect,   be  thus  obtained   a  still   greater  and  greater 
economy  of  fuel :  but  there  is  another  condition  pel 
more  important  in   the   use  of  locomotive  eogfaiai 
than  the  saving  of  fuel ;  and  that  is,  to  produce  the 
greatest  possihh:  quantity  of  steam  with  a  Iniiler  nl  .1 
given  size.     Now,  it  is  evident  that  by  more 
more  augmenting  the  surface  of  the  tubes,  we  shi 
bring  them  at  last  to  such  an  extent  that  the  tl 
of  the    fuel    could    cover  only  a  portion  of  them. 
Hence,  from  what  has  been  said  (Chapter  X.),  the 
vaporization  of  the  boiler  per  unit  of  heating  surface 
would  lower  at  the  same  time. 

This,  in  fact,  is  what  is  observed  on  the  Great 
W  1  -tern  Railway.  There  are  engines,  on  that  1 
in  which  the  total  heating  surface  is  equal  to  10. 'I 
I  that  of  the  fire-box,  and  others  in  which  tin- 
ratio  between  those  two  surfaces  is  carried  so  far  as 
11*3  and  11*6.  In  the  first,  the  consumption  "' 
coke  is  8-80  lbs.,  and  in  the  second,  8*43  lbs.  per 
cubic  foot  of  water  vaporized.  But  at  the  same 
time,  the  valorization  of  the  first,  referred  to  the 
velocity  of  20  miles  per  hour,  is  "200  cubic  foot  of 
water  j>er  square  foot  of  healing  surface,  as  in  I  lie 
ues    of   the    Table    which    we    have    prcsei 
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nbove,  whereas  in  the  second,  the  vaporization,  re- 
ferred to  the  same  velocity,  is  no  more  than  '185 
cubic  foot  of  water  per  square  foot  of  total  heating 
surface.  It  is  clear  then  that,  in  the  latter,  the 
saving  of  fuel  is  obtained  only  at  the  expense  of  1  lie 
effect  of  the  engine,  whereas  with  the  proportion  of 
about  10  3  between  the  total  heating  surface  and 
that  of  the  fire-box,  the  expenditure  of  fuel  is  di- 
minished, without  the  definitive  vaporization  of  the 
engine  undergoing  any  reduction. 

These  different  effects  are  easily  accounted  for  by 
the  observations  we  have  already  made  in  treating 
of  the  valorization;  hut  we  will  dwell  yet  a  moment 
on  the  subject,  to  endeavour  to  recognise  what  is  the 
most  advantageous  proportion  to  establish  between 
the  heating  surface  of  the  tubes  and  that  of  the  fire- 
box. 

When  the  surface  of  the  tubes  amounts  to  hut 
about  3  or  4  times  that  of  the  fire-box,  as  in  the 
engines  of  the  fourth  series  of  our  experiments,  the 
ie  consumed  as  much  as  11*05  lbs.  of  coke  per 
cubic  foot  of  water  vaporized,  because  the  Bxceaa  of 
OOke  burnt  in  the  fire-box  serves  only  to  carry  the 
flame  beyond  the  extremity  of  the  tubes,  that  is  to 
say,  into  the  chimney,  where  it  ceases  to  influence 
i Im  vaporization,  and  can  produce  no  other  effect 
but  to  destroy  rapidly  the  parts  of  the  engine  with 
which  it  comes  in  contact.  Increasing  then  the 
surface  of  the  toboa  to  8  or  9  times  that  of  the 
fire-box,  as  in  the  engines  of  the  third  series,  the 
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amotion  of  coin  ia  i  to  9*181bs.  of© 

per  cubic  foot  of  water  vaporized,  without  the  <!<•- 
finitive  vaporization  of  the-  engine  being  affected, 
because  the  change  has  done  no  more  than  remedy 
the  loss  of  fuel  above  mentioned.  Finally,  by  aug- 
menting the  surface  of  the  lubes  beyond  10  times 
that  of  tin  tin  box,  a  further  reduction  in  obtained 
in  the  expenditure  of  fuel  per  cubic  foot  of  water  va- 
porised ;  because  not  content  with  employing;  merely 
the  Haiue  which  rises  from  the  fire-box,  we  turn 
to  use  also  a  part  of  the  caloric  carried  with  the 
gases  resulting  from  the  combustion  effected.  Hut 
the  portion  of  the  tubes  which  serves  to  utilize  this 
lattet  jiortion  of  caloric,  produces  much  less  vapor- 
ization than  the  rest  of  the  boiler,  whence  results 
that  the  definitive  vaporization  of  the  engine,  per 
unit  of  total  heating  surface,  is  found  reduced  at  the 

same  Inue. 

We  have  reason  then  to  think,  from  the  different 
experiments  cited  above,  that  with  coke  for  fuel, 
and  with  the  other  circumstances  of  the  work  and 
the  construction  of  the  engines,  the  most  ad 
tageous  ratio  to  establish  between  the  total  heating 
surface  and  that  of  the  fire-l>ox,  would  be  nearly  that 
of  10  to  1 :  since  for  a  less  proportion  there  would  be 
increase  in  the  expenditure  of  fuel,  without  increaae 
of  vaporization;  and  for  a  greater  pro|K>rtion,  on 
the  contrary,  there  would  be  reduction  in  the 
vaporization  of  the  engine  per  unit  of  surface, 
which  would  incur  the  necessity  of  a  larger  boiler, 
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and  consequently  of  a  greater  weight,  which  it  is 
important  to  avoid. 

In  fine,  to  arrive  at  a  general  conclusion  from  the 
experiments  which  we  have  presented  above,  it  ap- 
pears that,  according  to  the  proportion  <>t'  the  fire- 
box to  the  total  heating  surface,  the  consumption  of 
fuel  in  locomotive  engines  varies  from  92  to  11  -.3 
and  1 17  lbs.  percubic  foot  of  total  water  vaporized  ; 
so  that  it  may,  on  an  average,  be  valued  at 

107  Bta    til  coke,  per  CUUC  foot  of  total 

vaporization. 


Sect.  II.    Of  the  consumption  of  fuel  necessary  to 
draw  a  given  load  a  given  distance. 

The  result  which  we  have  just  obtained  makes 
known  the  average  quantity  of  coke  consumed,  in 
the  engines  submitted  to  experiment,  to  produce  a 
determined  vaporization ;  but  what  is  necessary  to 
be  known,  in  practice,  is  the  quantity  of  fuel  neees- 
to  draw  1  ton  a  mile.  Specifying  in  each  of 
the  experiments  above  noticed,  and  in  some  others 
which  we  are  about  to  add  to  them,  the  load  then 
drawn  by  the  engine,  and  taking  account  of  the  dis- 
tance which  that  load  was  conveyed,  we  form  the 
following  Table,  in  which  is  seen  the  consumption 
of  coke  per  ton  per  mile,  which  took  place  in  each 

caw. 

In  this  Table  we  first  give  the  weight  of  the  load, 
the  duration  of  the  trip,  and  the  delays  which  oc- 
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currcd  on  the  road  ;  and  as  the  Liverpool  and  Man- 
chester Railway,  on  which  the   experiments   were 
made,  has,    in    each    direction,  besides   divers    I 
important  acclivities,  an  inclined  plane   on  which 

it  is  often  necessary  to  haw  assisting  engines,  we 
give  also  the  number  of  those  engines  which  wen- 
employed  to  draw  the  trains  to  the  top  of  the 
planes  inclined  ^  and  ^.  We  afterwards  give 
the  pressure  of  the  steam  in  the  boiler,  and  t he- 
velocity  of  the  motion.  The  following  column 
shows  the  eonsumption  of  coke  which  took  place 
during  the  experiment,  first  such  as  it  was  ob- 
served, that  is,  delays  included,  and  then  d« 
deducted.  To  make  this  deduction,  we  proceed 
as  it  has  been  explained  in  the  preceding  section, 
that  is  to  say,  we  add  to  the  real  duration  of  tin- 
trip  the  fifth  of  the  delays,  and  by  the  tinu  thus 
calculated  we  divide  the  total  consumption  of  fuel, 
in  order  to  obtain  the  consumption  of  coke  which 
took  place  per  hour  or  per  minute,  during  the 
activity  of  the  motion.  Then,  as  soon  as  we  know 
the  eonsumption  of  fuel  per  minute  of  active  mo- 
tion,  we  take  the  fifth  of  it,  which  gives  the  con- 
sumption of  fuel  of  the  engine  per  minute  of  rest ; 
after  which  it  is  easy  to  conclude  that  which  takes 
place  during  the  delays.  Consequently,  in  fine,  sub- 
tj.u  tni-  tins  from  the  total  consumption,  we  obtain 
the  numbers  inserted  in  the  eleventh  column. 

Prom  what  has  just  lieen  explained,  we  have  all 
the  elements  of  the  exj>criments.     Nothing  rem 
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but  to  determine  the  quantity  of  work,  in  tons  con- 
\  eyed  1  mile,  which  has  been  executed  in  each  case ; 
and  dividing  the  consumption  of  fuel,  delays  de- 
ducted, by  the  quantity  of  work  done,  we  have  the 
consumption  of  fuel  per  ton  per  mile,  such  as  it 
is  contained  in  the  twelfth  column.  The  following 
need  no  explanation. 

To  obtain  the  quantity  of  work  performed  by  the 
engine  in  each  case,  we  refer  the  reader  to  Sect.  vi. 
ptar  XVII.  It  will  there  be  seen  thai,  by  reason 
of  the  different  inclinations  which  exist  on  the  Man- 
chester and  Ijverpool  Railway,  in  order  to  obtain 
the  quantity  of  work  requisite  for  the  draught  of  a 
train  along  the  whole  line,  the  following  formuhe 
must  be  used,  according  as  the  train  is  going  from 
Liverpool  to  Manchester,  or  from  Manchester  to 
Liverpool,  and  according  sis  the  passage  of  the  in- 
clined plane  is  performed  with  or  without  assisting 
engine: 

From  Liverpool  to  f  without  assisting  engine  80*79  M,  +  206 
Manchoti  r         \  with  assisting  engine        30-79  M,  +  SIS  ; 

From  Manchcrtcr    I  without  assisting  engine  3G'N9  M ,  +  292 
to  Liverpool        \  with  assisting  engine        36'8JJ  M ,  +  404. 

In  these  formula;,  M,  expresses  the  load  of  the  en- 
gine in  tons  gross,  tender  not  included  ;  and  the 
constant  number  added  to  each  expression,  repre- 
sent* the  quantity  of  work  consumed  by  the  friction 
ol  the  tender  of  the  engine,  and  by  the  gravity  of 
the  engine  and  its  tender,  on  the  different  acclivities 
of  the  line.     In  the  case  of  assisting  engines,  the 
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constant  Dumber  Comprises  moreover  an  addition 
of  112  tons  conveyed  1  mile,  which  represents  the 
gravity  of  the  assisting  emrine  and  its  tender,  and 
tlu;  friction  of  that  tender  itself,  on  the  inclined 
plane  traversed  by  the  engine. 

These  formula?  gave  then  the  total  work  per- 
formed by  the  trip  engine  and  the  assisting  en- 
gine united,  for  the  conveyance  of  the  train  npoa 
the  line.  But  if  it  be  desired  to  know  the  work 
done  by  the  trip  engine,  taken  separately,  then, 
from  each  of  the  foregoing  expressions,  must  be 
subtracted  the  work  done  by  the  assisting  engine. 
NOW,    i-   this  engine  is  always  more  powerful   than 

the  trip  engine,  it  may  be  estimated  that,  during 
the  common   action   of  the  two  engines,  that  is, 
during  the  passage  of  the  inclined  plane,  the 
silting  engine,  over  and  above  its  own  weight  and 
that  of  its  tender,  draws  |  of  the  load  M,. 

On  the  other  hand,  we  have  said  that  the  weight 
of  the  agisting  endue  and  its  tender  consumes, 
during  the  ascent  of  the  plane,  a  quantity  of  work 
expressed  by  112  tons  conveyed  1  mile  on  a  level 
and,  recurring  to  Sect.  vi.  Chanter  XVII.,  it  will  In- 
found  that  the  ascent  of  the  load  M,  on  the  inclined 
plane,  causes,  with  regard  to  friction  and  gravity,  | 
quantity  of  work  represented  by  71 8  M,  tons  1 
mile,  J  of  which  are  4'79  M,  tons  1  mile.  The 
total  work  performed  by  the  assisting  engine  is 
therefore  represented  by 

i  70  M,  +  112. 
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Finally  then,  subtracting,  tor  the-  cases  of  assisting 
engines,  this  quantity  from  the  preceding  formula;, 
we  have,  for  the  quantity  of  work  done  by  the  trip 
engine,  taken  separately : 


From  Livcrpo.il  to  f  withmit  iisnisting  engine  30'79  M  ,  + 
Vftn&mtn         \  with  agisting  engine       2600  M,  +■ 
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From  Manchester  f  without  aaaistinp  engine  36' SI)  M,  +  292 
to  Liverpool         \  with  aseiating  engine         32  10  M  ,  +  292. 

The  result  of  these  formuhe  gives,  in  tons  gross 
conveyed  1  mile,  the  work  executed  hy  the  engine 
during  the  total  trip  along  the  line.  By  this  result 
then  ought  to  he  divided  the  Quantity  of  coke  con- 
sumed hy  the  engine,  delays  deducted,  to  conclude 
the  consumption  of  coke  per  ton  conveyed  1  mile. 
Performing  this  calculation,  we  find  the  numbers  of 
the  thirteenth  column  of  the  Table. 
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cngintx,  in  drawing  given  load*. 
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Examining  these*  experiment-*,  we  immediately 
gnise   that  the  quantity  of  ookc  necessary  to 
a  ton  I  mile,  is  so  much  I  In:  greater  as 
load    of   the    engine    is    less,   or  as   the   velocity    is 
greater.      We  recognise  at  the  same   time,    thai 
this  died  ifl  not  OWlDg  to  an  increase  in  tbfl  con- 
sumption of  fuel  per  hour;    for  that  consumption 
dots  not  appear  to   undergo   any  regular  change; 
tin    variations  we  observe  in  it,  sometimes  in  ex- 
cess,   sometimes    in    diminution,    being   sufficiently 
explained    by    some    accidental    difference    in    tin- 
quality    of   the    fuel,    Or    b)    the     assiduity    d    tbfl 
ine-man  in  stoking  the  fire.      Hut  the  difference 
noticed  here  is  easily  accounted  for,  on  con 
that  the  engine  is  obliged,  besides  its  load,  to  draw 

its  own  weight  and  that  of  its  tender,  and  to  over- 
i  divers  constant  resistances;  and  the  quantity 
of  fuel  necessary  to  perform  this  work  being  then 
divided  according  to  the  Dumber  of  tons  in  the 
load,  becomes  by  so  much  the  more  sensible  as 
the  load  itself  is  lighter.  Thus  it  is  that  we  see 
the  same  engine  exjiending  twice  and  almost  three 
i-iiii-  as  much  coke,  pel  tOO  pat  r:  n  li- .  in  OM  experi- 
ment as  in  mot] 

1 1  would  therefore  be  inaccurate  to  draw  an  average 
lit  from  the  preceding  Table,  in  order  to  aj>pl\ 
it  to  the  different  cases  that  might  occur.  Hut  if  it 
be  desired  to  know  the  quantity  of  fuel  m 
tor  the  enirine  per  ton  per  mile,  the  load  the  engine 
ll  to  draw   must  previously  he  given.      Now 
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measuring  the  heating  surface  of  the  boiler,  and 
recurring  to  the  results  obtained  in  Chapter  X.,  the 
quantity  of  water  which  the  en  able  to  va- 

porize per  hour  will  be  known ;  and  consequently, 
from  tlu-  experiment*  presented  in  Section  i.  of 
the  present  chapter,  the  corresponding  consumption 
of  fuel  will  be  deduced.  Then,  by  the  formula? 
which  will  be  developed  in  Chapter  XII.,  the  ve- 
locity of  the  engine  with  the  given  load  on  any 
inclination  whatever  will  be  determined.  Tb 
fore,  if  tin-  railway  in  question  be  level,  or  if  it 
consist  of  one  uniform  inclination,  in  multiplying 
the  given  load  by  the  velocity  the  engine  will 
assume  with  that  load,  the  product  will  immedi- 
ately make  known,  in  tons  conveyed  I  mile  per 
hour,  the  useful  effect  of  the  engine.  Dividing 
then  the  consumption  of  fuel  of  the  engine  per 
hour,  by  the  useful  effect  produced  in  the  same 
time,  the  quotient  will  give  definitively  the  quantity 
of  fuel  which  will  be  consumed  by  the  engine,  per 
ton  per  mile,  in  drawing  the  given  load.  This 
method  will  be  a  natural  consequence  of  the  very 
theory  of  the  engine,  as  will  be  seen  in  Chapter 
XII.,  when  we  come  to  treat  of  the  useful  effect 
of  locomotive  engines,  and  for  this  reason  we  shall 
not  dwell  any  longer  upon  it  here. 

If  the  railway  in  question,  instead  of  being  es- 
tablished on  a  uniform  inclination,  be  composed 
of  a  series  of  ascents  and  descents,  (he  velocity 
of  the  engine  most  be  calculated  on   each  of  the 
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inclinations;  himI,  liy  the  process  indicated  in  E 
in.  Chapter  X\'II.,  Uic  total  time  of  the  trip  will 
be  determined.  Consequently,  since  the  consump- 
tion of  fuel  per  hour  is  already  known,  that  which 
will  take  place  daring  the  whole  duration  of  the  trip 
will  immediately  be  concluded.  Then,  proceed  ini;, 
as  we  have  just  done,  to  form  the  foregoing  Ta I de, 
or  M  will  Ik-  explained  Sect.  vi.  Chapter  XVII., 
sork  executed  by  the  engine  during  the  some 
trip  will  be  obtained.  Dividing  then  the  expendi- 
ture of  fuel  by  the  work  executed,  the  result  will 

definitively  be  the  quality  of  coke,  per  ton  per 

mile,  expended  by  the  engine,  in  drnwin     I 
load,  on  the  variously  inclined  railway  in  question 


CHAPTER   XII. 
THEORY   OF  IXJCO.MOTIVE   ENGINES. 


ARTICLE   I. 

>r    THE    EFFECTS    OF    THE     KN'OINE*    WITH    AN    INDEFI- 
NITE   LOAU    OR    VELOCITY. 

Sbct.  I.  Of  the  different  problems  which  present 
themselves  in  the  calculation  of  the  effects  of  loco- 
motive engines. 

The  principal  problems  which  occur  with  ranted 
to  locomotive  engines  have  reference  in  the  first 
place  to  two  circumstances,  namely :  I.  When  the 
engine  is  already  constructed,  and  the  question 
is  to  determine  the  effects  that  it  will  produce  ; 
II.  When  the  engine  is  as  yet  unbuilt,  and  the 
question  is  to  determine  the  proportions  it  OOgbl 
to  have  in  order  to  produce  desired  effects.  At 
present  we  consider  only  the  questions  relative  to 
the  first  case,  and  shall  reserve  the  others  for  the 
following  chapter. 

When  an  engine  is  already  constructed,  and  all 
its  dimensions  may  be  directly  measured,  the  fol- 
lowing problems  may  present  themselves : 
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1st.  To  determine  the  velocity  the  engine  will 
assume,  with  a  fixed  load  ; 

'2nd.  To  determine  the  load  it   will    draw    at    a 
desired  velocity  ; 

3rd.  To  determine  the  D8flAd  effect  it  will  pro- 
duce, at  a  desired   velocity  or  with   a  fixed 
load. 
And    this  last  problem   may,  itself,  be  expressed 
under  ten  different   forms,   namely,   to   tind   sue 
cessively  ! 

The  useful   effect   of  the  engine,   in   tons   dr I 
I  mile; 

The  useful  effect  expressed  in  horse-power  ; 

The  quantity  of  fuel  necessary  per  ton  per  mile  ; 

The  quantity  of  water  necessary  per  ton  per  mile; 

The  useful  effect  produced  per  pound  of  fuel  con- 
sumed ; 

The  useful  effect  produced  per  cubic  foot  of  water 
vaporized ; 

The  consumption  of  fuel  which  produces  1  horse- 
power ; 

Tlie  consumption  of  water  which  produces  I  horse- 
power | 

The  horse-power  produced  per  pound  of  fuel ; 

The  horse-power  produced  per  cubic  foot  of  water 
vaporized. 

Moreover,  as  two  cases  are  necessarily  to  be  dis- 
iiiiL'uished  in  the  work  of  the  engines,  namely,  the 
case  in  which  they  work  with  a  load  or  velocity 
iiulrjinilf,  and  that   in   which  they  work  with   the 


load  or  velocity  which  produces  the  maximum  of 
useful  effect,  there  will  yet  occur  in  this  respect  a 
new  series  of  questions,  namely: 

1st.    To    determine    the    velocity    at    which    the 
engine    will    produce   its   maximum   of  useful 
effect ; 
2nd.  To  determine  the  load  corresponding  to  the 

production  of  the  maximum  of  useful  effect ; 
3rd.  To  determine  the  maximum  of  useful  effect 
that  the  engine  can  produce. 
And   this   last   problem   may  be  expressed  under  the 
ten  different  forms  which  we  have  indicated  above. 

We  will,  then,  consider  successively  these  two 
series  of  questions. 

Sbct.  II.    Of  the  elements  to  be  considered  in   the 
calculation  of  the  engines. 

In  the  attempts  hitherto  made  for  calculating  the 
effects  of  steam  engines,  or  for  determining  the  ve- 
locity of  the  piston  under  a  given  load,  the  cal- 
culation has  been  grounded  on  two  data  only :  the 
sure  of  the  steam  in  the  boiler,  and  the  re- 
sistance of  the  load  against  the  piston. 

This  mode  seems  to  comprehend  all  the  data  of 
the  problem ;  but  its  erroneousness  ought  to  have 
'" 'ii  recognised,  when  it  was  seen  that  all  essays 
made  to  arrive  at  any  formulae  by  this  means, 
produced  nothing  that  was  not  annihilated  by  ex- 
perience.    It  is  more  especially  in  endeavouring  to 
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apply  this  method  or  these  formula-  to  the  motion 
of  locomotive  engines,  in  order  to  determine  the 
load  they  can  draw  at  a  given  velocity,  or  the 
velocity  they  can  assume  under  a  given  load,  that 
the  calculator  is  quickly  led  to  results  which  are 
palpahly  inadmissible. 

The  cause  of  this  appears  in  these  two  facts  •    Ut. 
That  the  pressure  of  the  steam  in  the  boiler,  c 
supposing  it  to  represent  exactly  the  pressure  in  1 1 >. 
cylinder,  or  the  effort  applied  against    the    pist-m, 
would  be   far  from  offering,   on   that   account,  a 
complete  measure  of  the  power  of  the  engine,  thai 
is  to  say,  of  the  motive  force  of  which  it  can  dispose, 
and  could  not  therefore  l>e  sufficient  to  calculate  its 
effects :  2nd.  That  the  pressure  in  the  boiler  does 
not   represent   the   pressure  in   the  cylinder,  or  the 
effort  applied  against  the  piston,  but  can  only  fix  it* 
extreme  limits,  that  is  to  say,  it  can  only  indi 
the  maximum  load  of  which  the  engine  is  capable, 
and  nothing  else.     We  shall  here  demonstrate  the 
first  of  these  points ;  the  second  will  natural!-. 
made  clear  when  are  come  to  treat  of  the  pressure 
in  the  cylinder! 

We  say,  that  supposing  the  case  wherein  the 
pressure  in  the  cylinder  were  equal  to  the  prcs- 
in  the  boiler,  that  is,  the  case  in  which,  on  mea- 
suring the  pressure  in  the  boiler,  we  should  tin ■■ 
obtain  the  effort  applied  by  the  engine,  that  measure 
would  not  suffice  to  make  known  its  disposable 
motive    force,   nor  consequently   to   calculate 
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effects  it  can  produce.  In  ("act,  when  we  consider 
an  engine  in  a  slate  of  statical  equilibrium,  or  at 
rest,  the  force  which  it  applies  reducing  itself  to 
a  simple  pressure,  is  found  completely  represented 

by  the  clloit  which  the  endue  can  exert,  or  by  the 
mass  which  it  can  hold  in  equilibrium.     But  when 

we  consider  engines  in  a  state  of  motion,  the  force 

which  they  apply  is  no  longer  a  pressure,  but  a 
motive  force ;  that  is  to  say,  it  is  no  longer  limited 
tO  the  producing  Of  an  effort,  but  an  effort  and  a 
velocity.  This  force,  therefore,  is  no  longer  mea- 
sured by  the  mass  which  it  can  hold  in  statical 
equilibrium,  but  by  the  mass  which  it  holds  in 
dynamical  equilibrium,  that  is,  in  uniform  motion, 
and  by  the  velocity  which  it  is  capable  of  com- 
municating to  that  mass.  If  then  the  effect  of  a 
steam  engine  were  to  be  calculated  in  the  state  of 
equilibrium  at  rest,  it  might  be  sufficient  to  take 
account,  in  the  calculation,  of  the  pressure  of  the 
steam,  which  would  make  known  the  intensity  of 
the  effort  applied  ;  but  as,  on  the  contrary,  it  never 
occurs  to  compute  the  effect4*  of  these  engines, 
pt  in  a  state  of  motion,  it  follows,  that  to 
estimate  the  motive  force  of  which  they  can  dispose, 
or  to  calculate  their  effects,  we  must  at  once  I 
account  of  the  effort  applied  by  the  engine,  and  of 
the  velocity  with  which  it  can  maintain  that  effort. 
Now,  in  steam  engines,  the  pressure  of  the  steam 
indicates  only  the  mass  which  the  engine  can  hold 
in  equilibrium,  and  it  is  the  velocity  of  the  production 
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ni  tin?  steam  alone  which  indicates  the  velocity 
wliicli  tliu  engine  can  communicate  to  that  matt. 
Hence  it  is  only  hy  introducing  these  two  elements 
into  the  calculation,  that  an  exact  valuation  can  be 
attained  of  the  effects  which  will  be  produced. 

The  velocity  of  production  of  the  steam  is  not  I 
more  than  the  quantity  of  steam  generated  in  a 
given  time.  Thus,  the  jiower  of  an  engine  re- 
al once  in  the  greater  or  less  quantity  of  steam 
wined  it  produces,  and  in  the  degree  of  pressure 
or  elastic  force  of  that  steam.  In  this  rain ;ti"u. 
the  pressure  is  visibly  no  more  than  the  man  of 
ratifying  the  state  of  the  force,  at  the  moment 
when  in  I  manner  its  quantity  is  uica-surcd  5 
this  explains  why,  in  the  statical  equilibrium,  that 
is,  when  no  velocity  is  produced,  and  it  therefore 
.less  to  consider  that  quantity,  the 
.ure  suffices  to  represent  the  power;  but  it  is 
otherwise  in  the  state  of  motion,  because  then,  as 
wc  have  seen  above,  the  pressure  of  the  steam  is  hut 
one  of  the  elements  to  be  considered. 

We  may  U'sidcs  ohtain  conviction,  by  more  prac- 
tical considerations,  that  the  pressure  of  the  steam 
in  the  boiler  cannot  Millicc  to  determine  the  velocity 
M?  the  engine  with  a  given  load.  If,  in  effect,  a  loco- 
motive engine  be  put  to  trial,  weak  as  it  may  be  on 
the  score  of  vaporization,  it  1>y  loading  the 

-valve  with  .Wlbs.  jier  square  inch,  to  rill  thf 
boiler  with  steam  at  that  effective  pressure,  or, 
which  means  the  same,  at  the  total  pressure  of  G/ilbs. 
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per  squire  imli  U  then  a  load  of  100  tons  be 
attiicliifl  to  tin  engine,  let  which  be  the  greatest 
load  it  can  draw  with  an  elfeetive  pressure  of  501t>s. 
re  inch,  will  it  be  said  that  the  engine  must 
necessarily  draw  that  load  at  a  certain  fixed  velocity 
which  shall  depend  only  on  the  pressure  in  tin 
bofler  ami  the  resistance  to  the  piston?  Certainly 
Dots  for  if  it  happen  that  the  engine  transform  per 
minute  1  cubic  foot  of  water  into  steam  at  the 
pOBOJS  of  the  boiler,  it  may,  by  that  vaporization, 
produce  a  certain  velixity  ;  but  if  it  vaporize  but 
half  that  quantity,  creteris  paribus,  it  clearly  can  till 
the  cylinder  but  half  the  numl>cr  of  times  pec 
minute.      Thus    the    pressure    in    the    boiler    may 

remain  the  same;  but  the  velocity  of  the  engine, 
'■ill  i  the  same  load,  must  necessarily  be  reduced  to 
half.  It  is  plain,  then,  that  the  pressure  in  the 
boiler  does  not  suffice  to  represent  completely  the 
power  of  the  engine,  or  to  make  known  its  effects. 

But  if,  by  analogy  with  other  boilers  already 
tried,  and  by  a  comparison  of  the  extent  of  heating 
surfaces,  we  previously  estimate  what  quantity  of 
steam,  at  a  giveu  pressure,  a  boiler  is  able  to  pro- 
duce per  minute ;  or  if,  with  still  more  efficacy,  we 
fill  the  boiler  with  water,  and  producing  in  the  fire- 
box, by  any  means  whatever,  a  fire  as  intense  as  it 
D  the  usual  work,  we  ascertain  its  vajKiri/iii..- 
power;  then  alone  we  shall  know  the  velocity  at 
whieh   the  engine  can  continue   its  motive  effort, 
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and  be  able  to  estimate  the  work  it  can  pen 
in  a  given  time. 

The  pressure  of  the  Steam  in  the  boiler,  taken 
itlone,  can  determine  but  one  things  viz.,  the  limit 
<it  i  hr  load  of  the  engine,  from  the  necessity  which 
exists  that  the  resistance  against  the  piston  should 
never  exceed  the  pressure  in  the  boiler,  since  the 
resistance  would  then  be  greater  than  the  power, 
and  consequently  tlie  motion  could  not  lie  produced. 
Hut  in  every  inquiry  into  which  the  velocity  figures, 
Itn  must  necessarily  l>e  had  to  the  valorizing 
power ;  and  then  the  separate  influence  of  each  ot 
these  two  elements  in  the  result  is  this  i 

The  limit  of  the  load  possible  for  the  engine  is 
L'iven  by  the  degree  of  pressure  in  the  boiler  ; 

And    the    velocity  with    that  load,  or  with  any 
other,   is  given   by   the   vaporizing  pow 

These  effects  will  become  much  clearer  as  arc 
Bfiall  devclopc  the  theory  of  the  engine;  but 
thought  it  right  to  explain  them  hen-  in  a  summary 
way,  to  show  from  what  motive  we  entirely 
I  i  li  the  ordinary  mode  of  calculation  applied  to 
steam 'engines.  Since  the  first  edition  of  this  work, 
we  have  published,  under  the  title  of  Theory  of  the 
m  Emjine,  a  work  in  which  we  have  developed 
at  length  the  proofs  of  the  inaccuracy  of  the  pro- 
cesses in  use  for  calculating  the  effects  or  t be  | 

oitM   ot   steam  enu'incs ;   to  that   work   then  we 
lor  whatever  may  not  appear  to  be  sufficiently 
explained  here. 
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Sect.  III.   Of  the  pressure  of  the  steam  in  the 
rylinder. 

The  pressure  of  the  steam  t»  the  cylinder  is  the 
lirsL  inquiry  that  must  engage  our  attention  in  order 
to  be  able  to  determine  the  effects  of  the  engine. 
It  is,  in  fact,  always  easy  to  ascertain  the  quantity 
of  steam  generated  per  minute  in  the  boiler.  If 
then  we  knew  also  the  pressure  at  which  that  steam 
Upended  in  the  cylinder,  we  might  immediately 
conclude  the  velocity  which  the  engine  must  neces- 
sarily assume ;  for  it  would  suffice  to  divide  the 
volume  of  steam  produced,  by  the  contents  of  the 
cylinder,  to  have  the  number  of  cylinders-full  of 
steam,  and  consequently  the  number  of  strokes  of 
the  piston  the  engine  will  furnish  per  minute,  which 
will  give  its  velocity. 

At  a  first  glance,  it  is  natural  enough  to  think 
that  the  pressure  of  the  steam  in  the  cylinder  must 
be  the  same  M  in  the  boiler,  or  at  least  that  it  must 
differ  from  it  only  according  to  the  losses  to  which 
the  engtite  may  be  liable ;  but  it  is  easy  to  obtain 
conviction  that  such  is  not  the  case,  and  that  in  an 
engine  subject  to  no  loss  of  any  kind  whatever,  the 
pressure  in  the  cylinder,  during  the  permanent 
motion,  may  at  times  he  sensibly  equal  to  that  of 
tin  boiler,  and  at  times  much  less;  which  depends, 
not  on  losses  supported  by  the  steam,  but  on  the 
load  drawn  by  the  engine. 
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We  know,  in  fact,  that  in  every  sort  of  engine* 
the  velocity,  exceedingly  small  at  first,  increases  by 
degrees  up  to  a  certain  point,  beyond  which  it  does 
not  go,  because  the  mover  is  not  capable  of  greater 
velocity  with  the  mass  which  it  has  to  move.  If 
the  engine  is  well  constructed,  and  especially  if  it  is 
lated  by  ft  fly-wheel,  that  velocity,  once  at- 
tained, maintains  itself  without  alteration,  tho 
i  lie  action  of  the  mover  may  continue  to  vary,  or, 
in  other  words,  to  oscillate  between  certain  limit-, 
and  the  motion  boeOUMH  unite  uniform. 

As  soon  as  the  motion  has  attained  uniformity, 
which  always  happens  at  the  end  of  a  short  time, 
and  which  is  the  normal  state  of  the  engine  during 
its  work,  the  mover,  which  at  the  commencement  of 
the  motion  must  necessarily  have  exerted  a  force 
greater  than  the  resistance,  now  expends  hut  (lie 
force  precisely  capable  of  holding  that  resistant  * 
equilibrium;  far  were  it  to  apply  a  force  greater  <n 
less,  the  motion  would  be  accelerated  or  retarded, 
whereas  by  tin-  fact  it  is  uniform. 

Now,  in  the  engines  under  consideration,  the 
force  applied  by  the  mover  is  nothing  more  than  the 
(■ii-  -me  of  the  steam  against  the  piston,  or  in  the 
cylinder ;  as  soon,  therefore,  as  the  engines  h 
attained  uniform  or  jK-nnanent  motion,  the  prcitmrre 
ot  the  steam  in  the  cylinder  is  Strictly  equal  to  the 
resistance  el  the  load  against  the  piston. 

To  account   for  the  manner  in   which   the    equi- 
librium of  pressure  cstahli-lic-  it-ell  in  a  locomotive 
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engine,  it  snffioea  to  trace  its  effects  from  the  origin 
of  the  motion.  At  that  moment,  the  steam  In  in: 
enclosed  in  the  hoiler  at  a  certain  pressure,  passes 
into  the  steam-pipes,  and  thence  into  the  cylinders. 
Entering  tbe86,  whose  area  is  about  10  times  that 
of  the  pipes,  the  steam  at  first  dilates,  losing  propor- 
tionally its  elastic  force;  but  as  the  piston  is  not 
yet  in  motion,  and  as  by  reason  of  the  load  which  it 
supports,  it  can  acquire  its  velocity  but  very  slowly, 
whereas  the  steam  continues  to  arrive  with  rapidity, 
tin-  equilibrium  of  pressure  quickly  establishes  itself 
between  the  boiler  and  the  cylinder;  and  the  piston, 
driven  by  all  the  force  of  the  steam,  begins  slowly 
to  move  in  the  cylinder.  The  motion  thus  im- 
pressed on  the  piston  communicatee  itself  therefore 
to  the  engine  and  to  all  its  train,  and  the  entire  mass 
acquires  a  certain  velocity.  At  this  moment,  if 
the  arrival  of  the  steam  were  suddenly  intercepted, 
the  piston  would  not  stop  on  that  account ;  it 
would,  itself,  be  carried  on  for  some  time  by  the 
force  which  it  has  previously  communicated  to 
the  moving  mass.  The  result  therefore  is,  that 
at  the  following  stroke,  the  steam  finds  the  piston 
already  moving  with  a  certain  velocity,  at  tbe  mo- 
ment when  it  comes  to  impress  a  new  quantity  of 
motion  thereon  ;  and  this  new  supply  of  motion 
passes  on  to  the  mass,  where  it  continues  to  accu- 
mulate. Thus,  receiving  at  every  stroke  a  fresh 
impulse,  and  preserving  the  former  one,  the  pblon 
by  degrees  accelerates  its  motion,  and  the  train  Rl 
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last  acquires  all  the  velocity  the  engine  is  capable  f& 

commnnicatmg  to  it. 

From  what  lias  just  been  said,  we  see  that  at  the 
moment  of  starling,    the    slowness    i>l    the    motion 

allows  the  steam  to  acquire  in  the  cylinder  the 

same  pressure  as  in  the  boiler,  and  that  it  ifl  the 
superiority  of  that  pressure  over  the  resistance  <>t 
the  piston  which  make*  the  latter  more  and  more 
a<  n-li-i.itfl  its  million,  till  at  last  it  attains  all  the: 
velocity  whieh  it  is  capable  of  acquiring  with  the 
resistance  with  which  it  is  loaded.  But  as  the 
piston  assumes  u  greater  velocity,  it  in  a  manner 
flies  before  the  steam,  without  allowing  it  time  to 
acquire  in  the  cylinder  all  the  pressure  it  might 
assume    there      The   action    of   the   steam    to   ac- 

ceterate  the  motion  of  the  piston,  becomes  then 

less   and    less;    and    finally,   when   the    piston    has 

attained  the  greatest  velocity  the  engine  can  c 

nuiiiicate  to  it,  the  accelerating  action  of  the  steam 
upon  it  has  become  null,  Since  it  can  augment  il 
motion  DO  more.  Now,  the  accelerating  action  ol 
ill.  k  ua  consists  in  the  excess  of  ita  pressure  above 
that  ol  the  resistance-.  Hence  at  this  moment  the 
pressure  of  the  steam  in  the  cylinder  and  that  of  the 
resistance  against  the  piston,  are  precisely  in  i 

libiium   with   etch  other,  and  if  the  motion  of  the 
us  id  a  state  of  uniformity,  it  is  becaUBU 

the  resistance  whieh    is  exerted   continually,  and 

M    have   fOf   effect    to   retard    the  motion     i 

estrojed    hy   an  equal  pressure  from  the 
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mover;  whence  results  that  the  motion  must  con. 
tinue  tlic  same  without  alteration. 

In  steam  engines  in  general,  the  uniformity  of 
motion  is  produced  hy  a  lly-wheel  ;  hut  in  locomo- 
tive engines,  it  is  the  mass  of  the  train  itself  which 
performs  the  office  of  a  fly-wheel.  This  mass 
receives  and  in  a  manner  stores  the  quantities  of 
motion  impressed  by  the  mover  in  its  moments  of 
greatest  action,  to  restore  them  afterwards,  when  tin: 
mover  is  in  a  moment  of  less  force ;  and  it  is  from 
the  very  difficulty  of  increasing  or  diminishing  the 
velocity  of  the  mass,  that  the  uniformity  of  motion 
of  the  whole  results.  With  respect  to  certain  parts 
of  the  engine,  which,  like  the  piston,  for  instance, 
must  necessarily  vary  in  velocity  during  the  time 
of  their  oscillations,  the  uniformity  of  motion  in 
question  is  understood  to  mean  an  exact  conformity 
of  time,  such  that  at  any  point  of  one  oscillation,  the 
velocity  is  precisely  the  same  as  it  was  at  the  same 
point  of  the  preceding  oscillation  ;  so  that  if  the 
duration  of  one  of  these  oscillations  were  taken  for 
the  unit  of  time,  the  motion  would  he  strictly 
uniform. 

We  see  then,  from  what  precedes,  that  at  the 
commencement  of  the  motion  or  at  the  starting  of 
the  engine,  the  steam  begins  by  acquiring  in  the 
cylinder  a  pressure  equal  to  that  of  the  boiler  ;  but 
tltat  this  state  is  but  transitory,  and  that  as  the 
velocity  of  the  piston  increases,  the  pressure  in  the 
cylinder  gradually  lowers,  till  at  hist  it  becomes 
precisely  equal  to  the  resistance  of  the  load.     This 


.I'M 


(  UAlTKIt     XII 


Librium  once  established,  the  velocity  Of  the 
piston  ceases  to  increase,  the  motion  becomes  uni- 
form, and  the  steam  continues  to  expend  itself  in 
the  Cylinder  at  the  pressure  indicated  by  the  re- 
sistance. 

Thus,  we  know  the  pressure  at  which  the  steam 
:i;l-  1 1  -■.If  in  the  cylinder  ;  ami  knowing  also  the 
volume  of  the  cylinder,  we  may  conclude  the  abso- 
lute expenditure  of  steam  which  takes  place  at 
ever)'  stroke  of  the  piston;  wherefore,  compfl 
this  expenditure  with  the  total  mass  of  steam  of 
which  the  engine  can  (ttBpOM,  we  may  without 
difficulty  deduce  the  velocity  of  the  motion. 


Skct.  IV.    Of  the  velocity  of  the  engine  with  «  <; 

load. 

Wc  have  just  said  that  \sith  the  elements  which 
we  have  at  our  disposal,  we  can  determine  the 
velocity  which  an  engine  will  assume  in  drawing  a 
given  load. 

Suppose,  in  effect,  that  a  load  of  50  tons  gross, 
er  included,  he  drawn  up  a  plane  inclined  gi„,, 

with  '2  cylinders  1 1  inches  in  dianu 

Btrakt  of  the  piston  10  inches,  wheels  5  feet,  (fiction 
103  lbs.,  total  pressure  of  the  steam  in  the  boiler 
'i.>  lbs.,  or  cll'cctivc  pressure  50  lbs.  per  square  inch, 
and,  finally,  valorizing  power  nearly  such  as  we 
have  found  it  lor  the  average  ol  the  Livcr|iool  and 
Manchester  liM'omutivc  engines,  that  is,  tiO  cubic 
fi  .1  of  water  per  hour,  or  I  cubic  loot  per  uiinu 


OF    TIIE    EFFBCTS    OF    TIIK    KNG1NKS 


■xu 


We  have  already  found  above,  Chapter  IX.,  that 
I  lu-  total  resistance  opposed  by  that  load  to  the 
motion  of  the  piston,  in  the  case  of  this  engine,  is 
48  lbs.  per  square  inch,  when  the  velocity  is  20 
miles  pa  boor.  If  then  we  admit  that  the  engine 
will  come  near  enough  to  that  velocity,  for  the 
valuation  which  we  have  made  of  the  resistance  of 
the  air  and  the  pressure  caused  by  the  blast-pipe,  in 
the  calculation,  not  to  be  very  far  from  the  truth, 
must  conelude  that,  during  the  uniform  or 
permanent  motion  of  the  engine  with  that  load 
the  pressure  of  the  steam,  during  its  action  in 
the  cylinder,  will  likewise  be  18  lbs.  per  square 
inch. 

Now  the  quantity  of  water  consumed  by  the 
boiler  amounts  to  GO  cubic  feet  of  water  per  hour, 
and  we  have  shown  in  treating  of  the  vaporization, 
that  out  of  that  mass  of  water  75-hundredths  only, 
on  an  average,  are  really  converted  into  steam,  and 
that  the  rest  is  merely  carried  away  with  the  steam 
into  the  cylinders,  but  in  a  liquid  state.  The 
effective  vaporization  of  the  engine  is  then  firstly 

•75  X  GO  =  45  cubic  feet  per  hour,  or 
'75  Cubic  foot  per  minute. 

This  water  is  lirst  transformed,  in  the  boiler,  into 
Ptoem  at  the  total  pressure  of  G5  lbs.    per  square 
iueh  ;  but  on  jHUssing  into  the  cylinders  it  acqu 
the    pressure    of  48  lbs.   per    square    iueh,    and   we 
know  that,  in  tins  change,  the  steam  remains  al- 
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ways  at  tin*  maximum  density  for  its  temperature. 
Its  volume  may  thai  he  determined  by  the  Tables 
which  we  have  given  in  Chapter  II.,  on  the  volume 
of  die  steam  formed  under  different  pressun  s.  Af- 
fording to  these  Tables,  the  volume  of  the  steam 
formed  under  the  total  pressure  of  48  lbs.  per 
square  inch,  is  578  times  that  of  the  water  which 
produced  it.  Hence  the  quantity  of  water  effec- 
tively vaporized  per  minute  in  the  boiler,  will  form 
(hiring  its  passage  through  the  cylinders,  a  volume 
of  steam  expressed  by 

573x75=430  cubic  feet. 

On  the  other  hand,  the  area  of  each  cylindci  i 
95  square  inches,  or  in  square  feet   that   area   is 
represented  by  "66  square  foot ;  and  the  stroke  of 
the  piston  is  16  inches  or  I '33  foot.    Whence  the 
cajNurity  of  each  cylinder,  traversed  by  the  piston 

88  cubic  foot. 

Hut,  besides  the  portion  traversed   by  the  piston, 
B  still  exists,  at  each  end  of  each  cylinder,  a 
vacant  space  called  the  clearance  of  the  > 

whkll  k  necessarily  filled  with  steam  at  each 
stroke.  The  capacity  of  this  vacant  space,  re- 
nted by  an  equivalent  portion  of  the  cylinder. 
and  steam-ways  included,  is  usually  *„  of  the  part 
Of  the  cylinder  traversed  by  the  piston.  The  real 
Capacity,  there  tore,  which  is  filled  with  steam  at 
b   stroke  of  the   piston,  is 
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•88xU  =  '^24  cubic  foot. 

Consequently  the  number  of  strokes  of  tbc  piston 
which  the  engine  will  give  per  minute,  by  reason  of 
its  effective  vaporization,  will  necessarily  be 

^7  =  465- 
•924 

Now  each  time  the  wheel  makes  one  revolution, 
tin:  engine  gives  two  strokes  of  the  piston  in  each  of 
its  two  cylinders  ;  and  the  diameter  of  tint  wheel  is 
5  feet,  which  makes  15'71  feet  in  circumference. 
Therefore  at  every  4  strokes  of  the  piston,  the 
•  nine  advances  1571  feet;  that  is  to  say,  its 
velocity,  in  feet  per  minute,  will  be 

4G5 

-T  X  1571  =  1822  feet. 
4 

Finally,  as  I  mile  contains  5280  feet,  and  I  horn- 
contains  HO  minutes,  the  definitive  velocity  of  the 
engine,  in  miles  per  hour,  will  be 

60 
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X  1822  =  2071  miles. 


Thus  we  see  that  the  above  vaporization  will  ne- 
cessarily produce  a  velocity  of  207  miles  per  hour 
for  the  engine  ;  that  is  to  say,  a  locomotive  engine 
with  the  given  proportions  may,  if  in  good  order 
and  with  a  well-stocked  fire,  draw  a  load  of  50  tons 
gross,  tender  included,  up  a  plane  inclined  -5^5,  at 
the  velocity  of  207  miles  per  hour. 

We  shall,  in  the  sequel,  refer  again  to  the  pre- 
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vious  valuation  ot  tin-  \clocily  of  tin-  engine,  INK 
sary  to  have  the  resistance  of  the  air  against  the 
train,  and  to  the  variation  of  the  vaporization     Wc 

only  wished,  at   this  moment,  to  show  tlir  mode  of 
proceeding  of  the  calculation. 

With  regard  to  the  velocity  which  we  have  just 
obtained]  we  must  add,  that  if  the  engine  rati 
besides,  a  loss  of  steam  by  the  safety-valve,  winch, 
as  we  tan  Been,  trim  place  in  ■  glQOj  number  of  lo- 
comotive engines,  there  will  then  Ik;  a  corresponding 
loss  on  the  effective  vaporization  ;  and  consequently 
the  definitive  velocity  of  the  engine  will  In;  reduced 
in  a  corresponding  proportion.  For  instance,  if  the 
engine,  like  those  of  the  Liverpool  and  Manchester 
Railway,  he  liable  to  a  loss  of  •(>.'>  of  its  valorization 
in  full  activity,  its  definitive  velocity,  in  the  case 
above  mentioned,  will  become 

•95  X  2071  =  19*67  miles  per  hour. 

The  calculation  will  he  performed  lO   the  same 

manner  for  every  other  load  and  for  every  other 

engine.     Thus,  in  general,  resuming  the  notation 

dcntly  employed,  in  the  inquiry  upon  the  re- 

moa  on  the  pieton,  that  is : 

M,  Representing  the  number  of  tons  of  the  load, 
tender  included  ; 

in.     The  weight  of  the  engine,  in  tons  ; 

ij.  The  gravity,  in  pounds,  of  one  ton  on  the  plane 
the  engine  has  to  traverse  ;  this  gravity  Ix-ing 
mill  for  the  case  of  a  horizontal  plane  ; 
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k, 

The  friction  of  the  wagons  per  ton,  expressed 

ill  |K)UI»(ls  ; 

'•, 

The  velocity  of  the  engine,  in  miles  per  hour; 

The    resistance   of  the  air    against  the  train. 

at    the    velocity   v,  resistance   expressed    in 

pounds ; 

/''■ 

The  pressure  against  the  piston,  arising  from 

the  action    of  the  blast-pipe,  expressed    in 

pounds  per  square  foot ; 

* » 

The  friction  of  the  engine,  in  pounds  ; 

*, 

Its  additional  friction,  measured  as  a  fraction  of 

the  resistance,  according  to  what  was  ex- 

plained in  Chapter  VII.  ; 

D, 

The  diameter  of  the  propelling  wheels  of  the 

engine,  in  feet ; 

<l. 

The  diameter  of  the  cylinder,  in  feet  ; 

1. 

The  length  of  the  stroke  of  the  piston,  in  feet ; 

e, 

The  clearance  of  the  cylinder,  represented  by 

an  equivalent  portion  of  the  stroke  of  the 

piston,  and  consequently  in  feet 

H, 

The  total  or  absolute  pressure  of  the  steam  in 

the  boiler,  in  pounds  per  square  foot ; 

P> 

The  atmospheric  pressure,  expressed  in  pounds 

per  square  foot ; 

Finally,  S  the  eficctivr  vaporization  of  the  engine, 

in  cubic  feet  of  water  per  hour,  at  the  ve- 

locity known  or  unknown  of  the  motion  ; 

R= 

D       DF 

■■  (l  +*)  ia*  +  <j)  M  +  9*+**]  fn  +  ,pi+p + 

I  II.W'TFK     \ll. 


will  Ih-  the  prtM  ire  ol'the  steam  per  unit  of  surface 
in  tin-  •  s  lindcr,  as  has  been  demonstrated  above, 
Chapter  IX. 

On  the  other  hand,  if  we  express  by  /*  the  rela- 
tive volume  of  tin-  strain  generated  DndflC  the  pres- 
sure R,  a  relative  volume  which  will  be  found  in 

(he  Tablee  given  chapter  ll. ;  since  8  ■  1 1 »<•  volume 

of  water  vaporized  per  hour  in  the  engine,  it  follows 
that 

MS 

will  be  the  corresponding  volume  of  the  steam  under 
the  pressure  K,  that  i<  to  say,  during  its  action  in  the 
cylinders. 

But,  expressing  by  »  the  ratio  of  the  circum- 
ference to  the  diameter,  the  capacity  of  < 
Under  which  is  traversed  by  the  piston,  has  for  its 
measure 

and  the  clearance  of  the  cylinder  offers,  besides,  a 

I  I  |l  II  il'.    of 

Jird'c. 

Therefore  the  totality  of  the  space  filled  with  si. 
:ii    each  stroke,  in    each  cylinder,  has   for  its  ex- 
pression 

Consequently  the  number  of  strokes  of  the  piston 
corresponding  to  the  volume  of  steam  expended  y.  S, 
will  be 
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But,  while  each  piston  performs  2  strokes,  that 
is,  at  ever)'  expenditure  of  4  cylinders-full  of  steam, 
the  engine  advances  1  turn  of  the  wheel,  that  i-  to 
say,  a  space  represented  by 

ttD. 
Therefore  the  velocity  of  the  engine,  in  feet    pax 
hour,  will  he  expressed  by  I  lie  above  number   of 
strokes,  divided  by  4  and  multiplied  by  ir  D  ;  that  is 
to  say,  the  velocity  will  be 

pS    _D_ 

rfJ" 


V  = 


l  +  c 


And  finally,  as  1  mile  contains  ">280  feet,  the  velocity 
of  the  engine,  expressed  in  miles  per  hour,  will  be 

_j_      MS        D 

d1' 


v  = 


(1) 


5280  d1  /  +  c 
This  expression  will  make  known  the  velocity  re- 
quired, on  substituting,  for  each  of  the  letters,  the 
value  suitable  to  it  in  the  engine  considered. 

As  it  has  been  shown,  Chapter  II.,  that  the  rela- 
tive volume  of  the  steam  under  the  pressure  R,  may 

be  expressed  by 

I 


f= 


n  +  qR 
it  is  plain  that,  instead  of  seeking  the  relative  volume 
H  in  the  Tables  which  we  have  given,  its  value  may 
be  represented  by  the  expression 

I 1  ■ 


n+?R 


:v\-. 
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and  consequently  the  preceding  expression  ol  the 

city  of  the  engine  may  equally  be  written  to 
form 


.     >    I* 


itm'  ? ' ' ' (i  *»>|>±#)»i±i— •] *  r+^(l  *,♦!.•.) ' 

Such  then  will  be  the  general  expression  of  the 
velocity  of  the  engine,  In  miles  per  hour;  an  «• 
^ion  in  which  all  is  known  from  measures  taken 
on  the  engine,  even  the  vaporization  S,  which  re- 
sults from  the  extent  of  heating  surface,  aocor 
to  what  has  been  shown,  Chapter  X. 

Making  use  of  this  formula  to  find  the  velocities 
corresjMmding  to  divers  loads  of  the  engine,  or  to 
divers  values  of  M,  attention  must  be  paid  never  to 
suppose,  for  M,  a  load  capable  of  producing  00  the 
piston  a  resistance  greater  than  the  pressure  of  the 
steam  in  the  boiler,  because  it  is  evident  that  the 
ttuncc  would  then  exceed  the  power,  and  the 
motion  could  not  take  place.  This  maximum  load 
Of  the  engine  will  form  a  special  inquiry  in  Article 
II.  of  this  chapter.  Nor  can  M  be  supposed  of  a 
value  less  than  the  weight  of  the  tender,  which  is 
the  minimum  load  an  engine  can  have  to  draw. 
Beyond  these  two  limits  the  solutions  given  by  the 
formula  would  evidently  cease  to  suit  the  problem 

As  to  the  velocity  resulting  from  this  formula,  We 
shall  equally  see,  in  the  following  article  of  tliis 
chapter,  that,  for  a  given  value  of  the  vaporization 
S,  it  can  never  be  less  than  a  certain  quantity  wbi<  b 
we    .hall  nine,  and  which   will  consequently 
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make  known  the  minimum  velocity  of  the  engine. 
Willi  respect  to  the  maximum  velocity  that  the 
engine  can  attain,  it  clearly  will  depend  principally 
on  two  things ;  the  weight  of  the  load,  and  the 
inclination  of  the  plane  00  which  that  load  is 
drawn.  If  we  first  suppose  either  an  ascending 
inclined  plane,  or  a  horizontal  plane,  or  an  inclined 
pline  descending,  hut  on  which  the  gravity  does 
not  exceed  the  friction  of  the  train,  it  will  be  found 
that  the  less  the  load  is,  the  greater  velocity  the 
engine  will  assume.  If  we  supjwse,  on  the  con- 
trary, a  descending  inclined  plane,  on  which  the 
gravity  exceeds  the  friction  of  the  train,  it  will  he 
found  that  the  more  the  plane  is  inclined,  and  the 
heavier  the  train  is,  the  more  the  velocity  of  the 
motion  will  increase,  because  the  excess  of  the 
gravity  above  the  friction  will  be  by  so  much 
more  considerable,  and  that  this  force  acts  in 
favour  of  the  motion.  But  it  is  not  to  be  supposed 
that  on  a  plane  exceedingly  inclined,  or  with  a  very 
heavy  load,  the  velocity  of  the  motion  can  ever 
increase  indefinitely.  The  slightest  essay  of  cal- 
culation on  the  preceding  formula  will  immediately 
demonstrate  this ;  and  the  reason  of  it  will  readily 
be  conceived,  on  observing  that  by  degrees  as  the 
gravity  and  the  effort  of  the  engine  tend  to  augment 
the  velocity  of  the  train,  the  air  opposes,  on  the 
contrary,  more  resistance,  and  a  resistance  more- 
over which  increases  in  the  ratio  of  tin  >|i  .ne  of 
the   velocity.      We  shall   see,   therefore,   Chapter 
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XVII.,  that  the  engines,  when  descending  inclined 
tea,  assume  much  more  moderate  velocities  than 
one  would  be  tempted  to  admit  ;il  a  fhM  view. 

It  is  to  l>e  remarked  that  the  formula  which  M 
have  just  obtained  for  the  velocity  of  the  engine, 

still  contains,  in  the  second  member,  the  two  t. 
t*t»a  and  p'v,  which  are  functions  of  v,  and  whose 
value  cannot  consequently  be  precisely  found  with- 
out knowing  the  velocity  v  itself,  winch  is  the 
quantity  sought.  Were  it  desired  to  diaetu.'-i ;-.'<•  the 
unknown   quantity  entirely,   tin  terms  must 

be  eliminated  from  the  second  member  of  the  eq 
tion  ;  but  to  avoid  the  equation  of  the  third  degree 
which  would  then  result,  the  formula  may  be  used 
such  as  it  is.  In  order  to  effect  this,  a  probable 
estimation  must  first  be  made  of  the  quantity  o,  and 
by  means  of  it  an  approximation  of  the  two  terms 
and  //r  will  be  furnished ;  then  substituting 
in   the  tin  inula,   a  cei  lue  of  r  will  lie 

deduced.     Ii  this  value  coincide  with  that  which 

has   been  supposed   to  determine   the   two   terms 

mI   p'e,   or  at   least  differ  from  it    only   in   an 

inoonaidegabto  degree,  it  will  be  the  true  value  of 
v,  since  it  will  completely  satisfy  the  equation.     If, 

on  the  contrary,  the  value  of  a  thus  found  differ  too 
!i   from   that   which  has  been  supposed  in  the 
determination  of  uv  .  for  these  two  terms  to 

be  (  d  as  having  been  pn»|H*rly  estimated, 

the  value  nl  r  obtained  by  this  first  calculation  must 
be  employed,  to  estimate  with  more  precision  the 
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ro  terms  ut'*  and  p'v  ;  then,  substituting  them  in 
the  equation,  a  second  value  of  »  will  be  attained, 
more  approximate  than  the  first.  This  second 
value,  should  it  not  appear  sufficiently  exact,  would 
serve  in  the  same  manner  to  find  a  third  ;  but  with 
a  little  practice  in  the  calculation,  two  trials  will 
always  be  found  sufficient,  and  the  recurrence  of 
the  same  numbers  will  so  simplify  the  research, 
that  a  third  trial,  in  case  <il  need,  will  be  made 
without  the  least  difficulty, 

If  it  be  wished  to  take  account  in  the  calculation 
of  the  variations  which  the  vaporization  of  the 
engine  undergoes  by  reason  of  the  velocity,  ac- 
cording to  what  has  been  shown,  Chapter  X.,  the 
iciven  vaporization  will  be  that  which  is  known  for  a 
certain  determined  velocity,  that  is,  it  will  l>e,  for 
that  velocity,  the  value  of  the  quantity  S  then 
supposed  variable.  In  this  case,  the  same  process 
must  be  used  in  determining  S,  as  has  just  been 
explained  for  the  quantities  p'v  and  Be*.  Tim-. 
having  made  a  previous  estimation  of  the  velocity, 
the  corresponding  values  of  S,  p'v  and  uv7  must  be 
deduced,  and  the  equation  solved  with  them.  If  the 
resulting  value  of  v  do  not  coincide  with  the  sup- 
position made,  the  latter  must  be  corrected,  a«i  bat 
been  said  above.  This  shall  be  illustrated  further 
on  by  an  example. 

We  have  yet  to  observe  that  the  valne  of  V,  in  the 
equation  (1  bis),  or  the  expression  of  the  velocity  of 
the  engine,  is  entirely  independent  of  the  pn 


r,  a 


va 


that  it 


m  the  boiler  » 
bat  m  fraawisnry  Hate  which  ceases  to  subsist,  and  of 
which  no  trace  reasams,  as  soon  as  the  steam  bepaw 

ton,  and  consequently  the  total  presawre  of  the  steam 
in  the  cylinder,  is  30  la.  per  square  inch,  is  it  not 
true,  that  provided  the  steam  be  abundantly  rur- 
rushed  at  that  pressure  by  the  heating  ssriace,  it  m 
quite  indifferent  whether  till  the  moment  of  being 
used,  it  has  been  stored  in  the  boiler  under  a 
pressure  of  65,  or  75,  or  95  ttks.  per  square  inch  f 
That  steam  must  always,  definitively,  nt  the  moment 
of  action,  be  transformed  into  steam  at  only  50  tbs. 
of  pressure ;  and  the  velocity  will  depend  solely  on 
(lie  'jllfWllitj  of  steam  at  the  pressure  of  50  ms., 
which  shall  have  been  furnished  by  the  boiler.  It 
is  very  erroneously  then  that  engine-men  arc  fre- 
een  to  augment  the  pressure  in  the  boiler 
r.i  il  — ,  in  the  bops,  nf  obtaining  a  greater 

It  in  the  Taps  .  ami  not  the  pres- 

ihal     mutt     In     inn. ■in-  niril.    and    it    U    very 
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probablfl  that  if  the  truth,  in  this  respect,  wore  more 
generally  known,  steam  engines,  and  particularly 
those  of  strain  vessels,  would  be  liable  to  fewer 
i  \ plosions;  for  a  great  number  of  those  accidents 
are  to  be  attributed  to  the  desire  of  Obtaining  a 
greater  velocity,  which  the  engine-man  flatters  him- 
self of  being  able  to  attain  by  augmenting  consider- 
ably the  pressure  in  the  boiler,  by  means  of  the 
safety-valves. 

With  regard  to  the  quantities  contained  in  the 
formulae,  we  have  indicated  above  the  manner  in 
which  each  of  them  ought  to  be  expressed,  and  it 
will  have  been  remarked  that  we  have  referred  all 
the  measures  to  uniform  unities,  namely :  the  foot, 
the  pound,  and  the  hour,  as  respective  unities  of 
length,  weight,  and  time.  The  observation  of  this 
rule  is  absolutely  indispensable,  in  order  that  the 
formulae  may  be  what  is  called  homogeneous,  and  con- 
■eqaonUy  that  they  give  an  exact  result.  This  is 
a  remark  on  which  we  deem  it  necessary  to  insist, 
because,  in  practice,  some  of  the  quantities  which 
we  employ  are  expressed  in  inches,  others  in  pounds 
per  square  inch,  or  sometimes  in  atmospheres,  &c, 
according  as  it  may  seem  most  commodious  for 
common  use ;  and  if  all  these  measures  were  not 
restored  to  homogeneity,  none  but  a  most  erroneous 
result  could  be  obtained. 

In  order  however  that  no  difficulty  may  occur  on 
this  head,  we  shall,  in  the  sequel,  resume  this 
subject,  in  transforming  the  obtained  formula-  into 
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practical  formula1,  and  sliall  then  give  an  example 
of  the  application  of  each  of  them. 

Lastly,  before  passing  to  another  problem,  we 
must  yet  remark  that  the  formula  which  we  have 
obtained  above,  differs  in  appearance  from  that 
which  we  have  given  for  the  same  purpose,  in  the 
work  entitled  ThtOTff  of  the  Steam  Engine.  Hut  the 
reason  is  merely  that  some  of  the  terms  in  it  are 
more  developed,  and,  besides,  that  the  velocity 
here  calculated  is  that  of  the  engine  and  not  of  the 
piston,  which  has  obliged  us  to  refer  the  different 
resistances,  not  to  the  velocity  of  the  puton,  as  in 
the  work  just  cited,  but  to  the  velocity  of  the  engine 
expressed  in  miles  per  hour. 


Sect.  V.    Of  the  load  of  the  engine  for  a   desired 
velocity. 

The   object   of  the   preceding    research   was    to 
determine  the  velocity  of  the  engine  for   a  fixed 
load.     But  if,  on  the  contrary,  the  velocity  Ik-  gj 
and  that  it  Ik-  desired  to  know  what  load  the  engine 
can  draw  at  that  velocity,  on  a  plane  of  a  <l 
mined  inclination,  then  it  will  suffice  to  resolve  the 
equation  (I   bis)  with  reference  to  M,  and  we 
have  for  the  value  of  M, 

o-v^slim  &-M?(r ""')  -']-.4-,<-*->-"> 

This  equation  then  will  make  known  the  load,  in 
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tons  gross,  tender  included,  which  corresponds  to 
the  velocity  v. 

It  is  necessary,  however,  here  to  observe  that  there 
are  many  ways  of  expressing  the  load  of  the  engines 
in  practice.  It  is  most  commonly  expressed  as  we 
have  done  it,  in  tons  gross,  tender  included,  that  », 

including  the  ffdght  of  the  tender  of  the  engine. 
But,  for  certain  inquiries,  it  is  more  convenient  to 
express  it,  either  in  tons  gross,  tender  not  included  ; 
or  in  effective  tons  of  goods,  that  is,  exclusive  both 
of  the  tender  and  of  the  waggons.  To  pass  from 
the  first  of  these  expressions  to  the  two  others,  we 
have  evidently  but  to  subtract  the  weight  of  the 
tender  in  the  first  case,  and  the  weight  of  both 
tender  and  waggons  in  the  second. 

Thus,  expressing  by  C  the  weight  of  the  tender, 
the  load  of  the  engine,  tender  not  included,  will  be 

M-C; 

and  expressing  by  -  the  average  ratio  of  the  weight 

of  the  goods  carried  on  a  waggon,  to  the  total 
weight  of  the  loaded  waggon, 

I  (M  -  C) 


will  be  the  load  of  the  engine  in  effective  tons. 

On  railways  of  not  more  than  about  r»  feet  of 
breadth  of  way,  and  for  an  engine  weighing  from  8 
to  12  tons,  the  average  weight  of  the  tender  may  be 
valued  at  6  tons,  and  the  effective  load  of  the  wag* 
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itiniiKinly  I  of  their  total  might.    W«  have 
then  for  the  different  expressions  of  the  load. 

M,  load  in  too»  grot*,  tender  included  ; 

M  — 6,  load  in  tona  groa*,  tender  not  included  ; 

|M  —  4,  load  in  effective  too*. 

It  must  be  observed  that  the  formula  which 

i  obtained,  contains  in  its  second  member 
the  term  mp1,  in  which  u  depends  on  the  numb 
carriages  in  the  train,  as  has  bc<-:  <  'hapter  IV. 

The  predate  valtn  rf  this  term  could  not  then  In.* 
determined  till  after  the  load  of  the  engine  be 
known,  which  i.s  the  quasitum  of  the  problem;  hut 
recourse  will  be  had  to  approximations,  as  in  the 
preceding  research  :  that  is  to  say,  the  second  mem- 
ber of  the  formula  must  be  calculated,  exclusively  of 
the  term  in  which  the  quantity  u  figures,  and  cal 
Ii  the  result  of  that  calculation,  we  have 

|fa»B-"!L. 

k±rj 

Then  making  a  first  valuation  of  the  quantity  h.  and 

substituting  it  in  the  equation,  we  shall  conclude  a 

COrreeponding  value  of  the  load  M.     If  that  load  Ik- 

Mich  as  to  require  for  u  the  value  supposed,  or 

nearly  so,  it  is  the  load  sought,  and    i 

is  solved.      Hut  if  the  load  thai  found  show  th.it  the 

Value  BuppOied  for  u  wag  erroneous,  it  n 

to  in  Ice  I  new  valuation  of  u  more  exact  than  the 

lii^t:   this   will   couscqueiilly   lead    to   a   new   di 

mination  Of  M,  which  will  likewise  be  more  approx- 
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itnate  Uian  the  former ;  and  were  it  necessary,  a 
third  approximation  might  he  made.  But  in  general 
two  trials  will  suffice ;  be  it  as  it  may,  the  equation 
is  so  simple,  that  these  essays  will  be  made  rapidly 
and  without  the  least  difficulty. 

Kxamining  the  formula  which  we  have  obtained 
above  for  the  load  of  the  engine,  it  will  be  remarked 
that  taking  the  cases  wherein  ij  is  preceded  by  the 
sign  minus,  and  making  k  —  g  —  o,  that  is,  suppi 
the  motion  to  take  place  in  descending  an  inclined 
plane  on  which  the  friction  of  the  waggons  is 
eounterhalaueed  by  their  gravity,  the  formula  seems 
to  give,  for  the  suitable  solution  of  the  problem, 

1 


But  this  apparent  result  depends  only  on  the  cir- 
cumstance that  tu"  is  not  developed,  and  that  it  is 
really  a  function  of  M.  In  effect ,  we  have  seen, 
Chapter  IV.,  that  the  value  of  tit?,  which  represents 
the  resistance  of  the  air,  depends  not  only  on  the 
transverse  section  of  the  train,  but  likewise  on  the 
number  of  carriages  which  compose  it,  and  consc- 
quently  on  the  weight  of  the  train.  The  result 
obtained  above  is  then  caused  simply  by  the  co- 
<  llicicnt  of  the  only  term  in  which  the  quantity  M 
is  expressed,  becoming  null  by  the  supposition  of 
k  —  0=0;  but  it  will  presently  appear  that  refer 
to  the  value  of  the  term  ur!,  the  weight  of  the  load 
M  is  no  less  limited  and  easy  to  determine. 
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In  effect,  if  we  resume  the  equation  (2)  and  write 
it  under  the  form 

it  will  he  recognised  that  the  first  memher  expresses 
the  total  resistance  opposed  by  the  train,  nam 
ihr  gravity  and  friction  of  the  waggons,  the  gravity 
of  the  engine,  and  finally,  the  resistance  of  the  air 
against  the  train.  But  if,  in  this  equation,  we  make 
k—g=o,  it  becomes 

that  is  to  say,  in  this  case,  the  resistance  of  the  I 
reduces  itself  to  that  of  the  air  diminished  bj 
gravity  of  the  engine.     The  quantity  M  the) 
sihly  disappears  from  the  equation,  but  it  neverthe- 
less remains  represented  by  the  term  m\  and  by 
this  term  will  be  obtained  the  solution  BOUgfat 
resolving  the  equation  with   reference  to  we*,  we 
derive 

Now  the  velocity  of  the  motion  is  given.    Tl 
fore  this  equation  will  make  known  the  quantity  u, 
and,  as  a  consequence,  the  etf'rct.  [ace  offered  to 

the  shock  of  the  air  by  the  train  in  motion      But 
we  have  seen.  Chapter  IV.  t  hut.  for  a  railway  of  5 
feet  of  width  of  way,  that  effective  surface  is  e 
to  70  square  feet,  plus  as  many  limes    III  feet  as 
there  are  waggons.      We  may  then,  from  the  ki 
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ledge  of  u,  deduce  the  number  of  carriages,  and  as 
we  know  besides  the  average  weight  of  a  carriage, 
we  shall  conclude,  in  fine,  the  definitive  weight  of 
the  train,  which  will  he  limited  and  not  infinite. 

There  is  yet  another  case  in  which  the  formula 
just  obtained  for  the  load  of  the  engine,  seems  to 

give  the  result  of  M=  - :   it  is  the  case  wherein 

it  is  supposed  v  =  o.  The  consequence  then  would 
he  that  the  load  corresponding  to  a  velocity  null 
would  be  infinite.  But  observing  the  formula  more 
attentively,  wc  recognise  that  it  hy  no  means  gives 
this  result.  It  will  be  recollected,  in  effect,  that 
the  quantity  S  represents  the  effective  vaporization 
of  the  engine,  or  the  volume  of  water  which  really 
passes,  in  the  state  of  steam,  into  the  cylinders. 
Now  if  we  suppose  the  velocity  null,  it  is  evident 
that  no  steam  at  all  can  pass  into  the  cylinders, 
since  that  steam  could  not  traverse  them  without 
driving  the  pistons,  and  consequently  creating  some 
velocity  in  the  engine.  The  supposition  therefore 
of  v  =  o  necessarily  carries  with  it  that  of  S  =  o, 
and  consequently  the  value  of  M  then  presents  itself 
under  the  form 


M=i 


Thus,  in  this  case,  the  formula  reduces  it  sell  to  the 
indeterminate  form  ;  hut  it  must  be  observed  that 
the   formula;  under  consideration    are    intended   to 


c: iiaiti: ii   mi. 


inula-  known  the  elicits  of  the  engine,  only  when 
it    lnus  attained   uniform  and    permanent    tnoCJ 
it  will  presently  be  seen,  in  seeking  the  • 
>ii\    of  maximum    useful    affect,  that    for    i 
rapOlizadOD   S,  the  uniform   velocity  of  the  en 
can  never  he  less  than 

.         1        S     _D^         1 

=  5280'    d7'    l+c     n+q  V  ' 

because  this  veloeity  is  that  wliich  corresponds  to  the 
passage  of  the  steam  into  the  cylinders  in  it--  state  ol 
greatest  density  or  highest  pressure,  and  that  at 

r  less  density,  the  steam  would  necessarily  oc- 

cupj  »  greater  volume,  and  consequently  could  not 

traverse  the  cylinders  without  producing  a  great i  r 

1 1  >  iii  the  engine.      All  supposition  of  a  smaller 

wlocitv  than  the  •bore  i-*  therefore  inadmissible  in 

w 

the  problem,  as  being  Incompatible  with  the  state  ol 
permanence  and  unifonnity  of  motion  for  v.lmh 
|] one  the  effects  of  the  endues  are  calculated. 


Sacr.  VI.   Of  the  different  expressions  of  the  useful 
effect  of  the  engine. 

We    have   said    that    there    are    many  modes    ol 

exprcawng  the  neefhl  effect  of  the  engines.     We 

alKint  to  consider  each  of  them  successive 
l-t.  The  useful  effect  produced  by  an  engii 
I)   time,  is  the  product   of  the  mass  convi 
uml  the  distance  to  which   it   is  conveyed,  in  the 
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given  time.  Now,  in  the  engines  under  considera- 
tion, tlic  mass  conveyed  is  represented  by  the 
quantity  M,  or  by  the  number  of  tons  drawn  by 
the  engine.  The  velocity  0  likewise  uxpfCBBBO  the 
distance  traversed  by  the  engine,  or,  in  other  words, 
the  distance  traversed  by  the  load,  during  the  unit 
of  time.  Hence  the  product  M  B  is  no  other  than 
the  useful  effect  produced  by  the  engine  during  the 

unit  of  time. 

To  obtain  the  expression  of  this  useful  effect,  it 
will  consequently  suffice,  to  draw  from  equation  (2) 
the  value  of  M  v,  which  will  be  done  by  multiply  ing 
both  terms  by  v ;  and  thus  we  shall  have 

We  have  thus  the  solution  of  the  problem ;  and  it 
will  be  observed  that  this  expression  of  the  useful 
effect,  for  a  given  vaporization  S,  varies  with  the 
velocity  of  the  engine,  as  may  have  been  already 
remarked  in  the  experiments  which  we  have  pre- 
sented, Sect.  11.  Chapter  XI. 

In  practice,  the  desired  result  may  be  attained 
more  simply,  by  seeking  first,  from  equation  (2), 
the  numerical  value  of  the  load  M  corresponding 
to  the  velocity  t?,  then  multiplying  that  load  by  the 
given  velocity.  For  instance,  we  have  already 
found,  Sect.  iv.  Article  I.  of  this  chapter,  that  at 
the  velocity  of  19*67  miles  per  hour,  and  ascending 
a  plane  inclined   jjy,  an  engine  of  the  dimension)! 
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before    indicated,  would    draw  a  load   of  50   I 
We   are    then    to    conclude    that   the  useful   c 

which  the  engine  will  produce  ;it  thai  velocity  and 

00  that  plane,  will  be  983  tons  conveyed  1  mile  per 
hour. 

The  solution   which    we  have  joal    given   of   I 
problem  suits  the  case  in  which  it  is  require 
find  the  useful  effect  produced  at  a  known  veil « 
But  if.  on  the  contrary,  the  load  is  given,  and  it  be 
required  to  find  the   useful  that    tlie  en 

will    produce    with     that     load,    then    the    velo 
corresponding  to   the  given    load    must   first    be 
sought,    from    equation    (1)    or    (1    bis),    and    that 
velocity  multiplied   by  the  given  load  will  be   the 
corresponding  useful  effect. 

We  must  here  call  to  mind  that  the  load  M  of 
the  engine  is  measured  in  tons  gross,  tender  in- 
cluded, and  consequently  the  useful  effect  Mr  is 
the  ukcI'uI  i  lit  •  t  of  the  engine  in  tons  gross  drawn 

1  mile,  tender  included.     But  as  we  have  seen  that 
representing  by  (■  the  weight  of  the  tender, 

-  the  ratio  of  the  effective  load  of  a  waggon  to  its 

total  weight,  the  load  of  the  engine   may  be  ex- 
pressed  in  three  ways,  namely : 

M lewd  in  Ion*  grow,  tender  included; 

M  —  C,  .  .  load  in  ton»  grvM,  tender  ! 

I  -C).  lewd  in  effective  too»  ; 


it  is  plain  that  the  useful  effect  of  the  engine,  in 
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tons  drawn  1  milt-,  may  be  likewise  expressed  in 
three  ways,  which  are : 

M  c,   .  .  .  .  useful  effect,  in  ton»  gross  drawn  I  mile,  tender 

included ; 
Mn— Cu,    .  useful  effect,  in  tons  rtojs  drawn  1  mile,  tender 

not  included  ; 

—  (M— C)  v,  useful  effect,  in  effective  tons  drawn  1  mile. 

We  have  already  said  that  on   railroads  of  hut 
about  5  feet  of  "width  of  way,  the  average  w> 
of  the  tender  may  be  valued  at  <i  tons,  and  the 
ilhctivc  load  at  §  of  the  gross  load  ;  we  have  there- 
fore C  =  6  and  -  =| .  Thus  in  the  example  abort 

mentioned,  the  useful  effect  ol  the  engine,  in  tons 
gross  drawn  1  mile  |>er  hour,  may  be  expressed  m 
the  three  following  manners  : 

983  tons  grow  drawn  1  mile,  tender  included  ; 
865  tons  gross  drawn  I  mile,  tender  not  iiwludn! . 
577  effective  tons  drawn  1  n 

The  three  modes  which  we  have  just  indicated  to 
express  the  load,  and  consequently  the  useful  effect 
of  the  engines,  are  all  in  use ;  the  choice  among 
them  depends  merely  on  the  object  in  view  at  the 
time.  As,  however,  they  may  easily  be  conehided 
one  from  another,  and  a*  the  most  simple  consist* 
in  taking  the  load,  in  tons  gross,  tender  included, 
this  will  be  the  method  which  we  shall  raptor. 
The      iJ.    < -xceptiou  which  wc  shall   make  to  this 

2   A 
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i  uir,  will  be  in  (be  inquiry  as  to  the  expendftnre  of 

coke  and  water  per  ton  per  mile,  in  which,  to  (Mil- 
form  to  the  usual  practice,  we  shall  refer  tin 
penditore  to  the  load,  in  tons  gross,  tender  not 
included.  Hut,  in  every  other  case,  we  will  suppose 
the  load  and  the  useful  effect  measured  in  tons 
gross,  tender  included,  and  it  will  always  be  this 
that  we  intend  to  signify  by  the  useful  effect  of  the 
ie,  when  we  do  not  specify  to  the  eonti. 

2nd.  The  expression  fumi-hed  liy  formula  (3),  or 
the  equivalent  mode  of  calculation  which  we  I 
I  tinted  out,  makes  known  the  useful  effect  of  the 
ie,  in  tons  conveyed  1  mile  in  an  hour.     Rut, 
as  we  have  before  said,  the  useful  effect  of  an  en. 

i    i\|picsscd  under  several  forms,      li  will  be 
proper  then  to  seek  those  different  expressions. 

A  very  simple  mode  of  making  known  the  effect 
of  an  engine,  consists  in  representing  it  by  the 
numlier  of  horses  that  would  be  required  to  produce 
the  same  effect ,  not  at  ti.  velocity,  bat  in  the 

•  time.  With  this  view,  the  expression  one 
horte-power  has  been  made  to  designate  an  efl 
of  33000  lbs.  raised  one  foot  per  minute.  This 
measure  has  arisen  from  the  observation  having 
been  made  that  a  vigorous  horse  going  at  a  walking 
pace,  or  about  220  feet  per  minute,  which  is  the 
most  advantageous  speed,  may,  j>ermanently 
without  fatigue,  exert  an  effort  of  I501bs.,  or.  in 
other   words,   raise   a  weight   of  lf>ll  ispeiulcd 

ut  the  end  of  a  cord  which  panel  over  a  pulley. 
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It  is  plain  that,  in  this  labour,  the  useful  effect 
produced  is  33000  lbs.  raised  1  foot  per  minute, 
and  it  is  for  this  reason  that  this  effect  is  design; 
by  the  name  of  liorse-powcr;  but  it  would  be  much 
more  exact,  as  we  have  remarked  in  another  work, 
to  call  it  horse-effect,  since  it  is  an  effect  and  not  a 
force.  It  would  then  be  said  that  an  engine  is  of 
so  many  horse-effect,  instead  of  saying  that  it  is 
of  so  many  horse-power.  The  expression  would 
be  more  correct ;  but  it  suffices  to  have  a  clear 
understanding  as  to  the  value  of  the  terms. 

To  apply  the  measure  which  has  just  been  giwu 
to  the  effect  of  locomotive  engines,  it  suffices  to 
observe  that  the  traction  of  one  ton  gross,  on  a  rail- 
way, offers  a  resistance  of  Gibs.,  that  a  mite  repre- 
sents a  length  of  5280  feet,  and  that  an  hour  con- 
tains 60  minutes.  Any  useful  effect  then  whatever, 
expressed  in  pounds  raised  I  foot  per  minute,  may 
be  transformed  into  tons  gross  drawn  I  mile  per 
hour,  by  multiplying  by  the  factor, 


60 

6  X  5280 


1 


and    consequently  the    force   or   the  effect   of  one 
horse,  expressed  in  this  manner,  is  represented  by 


33000 

5lifS 


=  G25  tons  gross  drawn  1  mile  per  hour. 


As  soon  as  the  effect  of  one  horse  has  thus  been 
referred  to  the  usual  measures  on  railroads,  nothing 
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is  more  easy  than  to  find  the  effect  of  a  locomotive 
engine,  in  horse-power.     For  that   purpose,  it 
deDtly  suffices  to  divide  the  useful  effect  Me  already 
obtained,   by   the   new   unity  adopted.      We    ! 
thlM  the  number  of  those  unities  which  represent 
the  effect  M  r,  and  consequently  the  useful  effect  m 

the  engine  eipwwod  in  horses.    This  effect  then 

will  Ik- 


u    K.  ,i,  111'.= 


M  v 
62 ')" 


it  will  be  remarked  that  the  product  M  r,  or  the 

I'd  effect  of  the  engine,  varies  with  the  velocity 
of  the  motion;  and  it  will  be  seen  further  on  that 
this  product  is  by  so  much  greater  as  the  velocity  ii 
low, 

It  is  the  same  with  effects  produced  by  horses ; 
for  we  know  that  the  useful  effect  due  to  their 
labour  decreases  rapidly  as  their  speed  increases, 
anil  that  it  is  only  at  the  most  advantageous  speed 
that  this  effect  can  be  valued  at  330O0  lbs.  raised 
1    foot    per   minute.       When    therefore    the   useful 

effect  at  an  engine  is  expressed,  under  what 
form,  it  will  always  be  necessary,  in  order  to  In- 
exact, to  relate  at  the  same  time  the  velocity  at 
which  that  effect  is  produced,  or,  which  amounts 
to  the  same,  the  load  with  which  it  is  produced  ; 
and  if  this  measure  is  used  in  an  absolute  manner, 
as  it  is  with  resjiect  to  the  horse,  it  should  then  be 
understood    that   the  effect   indicated   is   that   ol   I  In- 
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most  advantageous  labour  of  the  engine.  As  we 
shall  presently  obtain  the  measure  of  the  maximum 
useful  effect  a  gives  locomotive  engine  can  produce, 
we  may  then  also  express  that  useful  effect  in  horse- 
power, it  will  be  this  valuation  then,  that  is  to 
say,  the  greatest  effect  the  engine  can  produce, 
working  at  the  minimum  or  most  advantageous 
velocity,  that  we  shall  always  intend,  when  we  say 
in  an  absolute  manner  that  an  engine  is  of  the  effect 
or  of  the  force  of  so  many  horses;  but,  in  every 
other  case,  in  indicating  the  effect  of  an  engine  in 
horse-power,  we  shall  always  express  at  what  velo- 
city or  with  what  load. such  effect  is  produced. 

3rd.  In  the  two  preceding  questions  we  have  ex- 
pressed the  total  effect  the  engine  can  produce  in 
the  unit  of  time,  without  regard  to  its  consumption 
of  water  and  fuel.  We  are  now  going,  on  the  con- 
trary, to  express  that  effect  with  reference  to  the 
expense  which  is  necessary  to  produce  it. 

The  useful  effect  obtained  in  equation  (3),  is  that 
which  is  produced  by  the  effective  vaporization  S  of 
the  engine,  or,  in  other  words,  by  the  total  vaporiza- 
tion S'  of  the  boiler;  and  as  we  have  seen  that  this 
vaporization  S  or  S'  is  that  which  takes  place  in  the 
unit  of  time,  the  corresponding  useful  effect  is  also 
the  useful  effect  produced  during  the  unit  of  time. 
But  if  it  be  supposed  that  to  effect  this  vaporization 
the  engine  requires  the  consumption  of  Nibs,  of 
fuel,  it  is  clear  that  then  N  lbs.  of  fuel  will  he  suf- 
ficient to  draw  1  mile  a  number  of  tons  exprt 


358 


CHAPTER    XII. 


by  M  v.  Therefore,  by  a  simple  proportion,  the 
quantity  of  fuel  necessary  to  draw  a  ton  I  mile 
will  be 


It  will,  however,  be  observed  that  the  quantity  M 
indicates  the  load  of  the  engine,  tender  inch. 
The  number  M  v  represents  then  the  number  of 
tons,  tender  included,  the  conveyance  of  which  I 
mile  has  been  performed  by  the  weight  N  of  coke; 
in i*I  consequently  the  result  which  we  have  just 
obtained  expresses  the  weight  of  coke  expended 
per  ton  gross  per  mile,  tender  included,  that  is, 
taking  into  the  calculation  the  weight  of  the  tender. 
But  if  it  be  desired,  as  is  customary  on  railway-, 
to  know  the  expenditure  of  fuel  which  will  Ih;  neces- 
sary for  a  given  work,  tender  not  included,  recourse 
must  then  be  had  to  the  expression  of  the  useful 
effect  of  the  engine,  in  tons  1  mile,  tender  not 
included       We  hive  seen  thai  expressing  by  C 

weight  of  the  tender,  the  useful  effect  ofthi 

expressed  in  tons  gross  conveyed  I  mile,  tender  not 

included   it 

(M  — Q  r=Mi  -Cv. 

Since,  tli  tins  efled  is  produced  by  the  con- 

sumption of  N  (be.  of  coke,  the  quantity  ofcok 

<l-,  necessary  per  ton  u'ross  per  mile,  tender  not 
included,  will  be  expressed  by 
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Q.  co.  pr.  t.  pr.  ra.  rs 


N 


Mf-Cr 


To  apply  this  formula  it  will  suffice  to  know  the 
number  of  pounds  of  coke  consumed  in  the  fire-box, 
to  operate  in  the  boiler  the  total  vaporization  S'; 
which  the  experiments  developed  Chapter  XI.  have 
enabled  us  to  do.  It  will  therefore  be  easy  to  solve 
the  problem  proposed. 

It  is  yet  to  be  observed  that  the  quantity  of  coke 
Decenary  per  ton  per  mile,  must  vary  in  the  same 
engine,  with  the  velocity  of  the  motion;  because 
the  product  M  v  is  by  so  much  the  smaller  as  the 
velocity  is  greater,  whereas  we  have  shown,  in 
treating  of  the  fuel,  that  the  quantity  N,  or  the 
expenditure  of  coke  necessary  to  operate  a  deter- 
mined vaporization,  varies  but  in  an  insensible  de- 
gree with  the  velocity.  This  result  as  to  the  vari- 
ation of  fuel  per  ton  per  mile  has  already  been 
noticed,  Chapter  XI. 

4th.  From  what  we  have  said  above,  the  effective 
vaporization  S  has  sufficed  to  draw  1  mile  a  number 
of  tons  gross  expressed  by  M  v,  tender  included,  or 
by  (M— C)  b,  tender  not  included.  The  quantity 
therefore  of  water  effectively  vaporized,  which  has 
performed  the  conveyance  of  a  ton  1  mile,  tender 
not  included,  is  expressed  by 

S 
Mt'-C  v 

But  as  it  is  more  convenient  to  refer   the  useful 
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1  to  the  total  or  gross  vaporization  of  the 
boiler,  and  as  we  have  expressed  this  by  S',  we 
Bhall  haw  foe  the  quantity  of  total  vaporization. 
necessary  to  draw  I  ton  gross  1  mile,  tender  not 
included, 

S' 


Q.  wa.  pr.  t.  pr.  m.  = 


M  v  -  C  v 


5th.  To  obtain  the  useful  effect  produced  per 
pound  of  fuel,  it  is  to  be  observed  that,  since  the 
useful  effect  M  v  has  been  produced  l>y  the  consiunp- 
ti'ui  of  Nibs,  of  coke,  the  useful  effect  produced  by 
each  pound  of  coke  must  be  the  Nth  part  of  the 
above  effect.     Thus  tint  I  effect,  expre-s<vl  in 

tons  gross  drawn  I  mile,  tender  included,  will  be 

u.  E.  lib.  co.  =  ~ 

N 

6th.  Similarly,  to  obtain  the  useful  effect  pro- 
duced per  cubic  foot  of  water  vaporized,  it  will  be 
observed  that,  6ince  the  useful  effect  Me  is  that 
which  is  due  to  the  total  vaporization  S'  of  the 
boiler,  that  is  to  say,  to  the  number  S'  of  cubic  feet 
of  water  vaporized,  the  useful  effect  produced  by 
the  vaporization  of  1  cubic  foot  of  water  will  \tc 
had  by  dividing  the  useful  effect  M  v  by  the  number 
of  unities  that  there  arc  in  S'. 

Thus  the  useful  effect  produced  per  cubic  foot  of 
total  or  gross  vaporization,  and  expressed  in  tons 
gross  drawn  1  mile,  tender  included,  will  be  ex- 
pressed 1 1  •. 
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u.  E.  1  ft.  wa.  =  *£ 

7th.  We  have  obtained,  in  the  5th  problem,  the 
useful  effect  produced  per  pound  of  fuel.  It  will 
therefore  he  easy  to  deduce  the  number  of  pounds 
of  fuel  necessary  to  produce  the  effect  of  one  horse. 
A  simple  proportion  will  evidently  suffice,  and  tin 
quantity  of  fuel,  in  pounds,  which  produces  the 
effect  of  one  horse,  will  he  expressed  by 

625  N 


Q.  co.  pr.  HP.  = 


Mr 


8th.  We  find  in  the  same  manner,  by  a  simple 
proportion,  the  quantity,  in  cubic  feet,  of  total 
water  vaporized,  which  produces  the  effect  of  one 
horse,  namely  : 

625  S' 


Q.  wa.  pr.  HP.  = 


M» 


Oth.  The  effect,  in  horse-power,  produced  by  the 
consumption  of  1  lb.  of  fuel,  will  evidently  be 

Mr 


u.  E.  in  HP.  of  1  It),  co.  = 


W$  N 


And,  10th,  finally,  the  effect,  in  horse-power,  pro- 
duced per  cubic  foot  of  total  water  vaporized,  will 
be  '^pressed  by 

Mi- 


ll. E.  in  HP.  of  1  ft.  wa.  = 


62-5  S' 
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Or   THE    MAXIMUM    VUMTVL    BKKKCT   OK    THE    CNOINK. 

Sect.  I.   Of  the  velocity  ofmarimum  useful  effect. 

We  have  hitherto  determined  the  effects  of  the 
engines  in  a  manner  perfectly  general,  that  is  to 
say,  taking  the  data  of  the  problem  without  re- 
stricting them  to  any  condition,  except  only  that 
of  being  contained  within  the  limits  of  the  power  of 
the  engine.  But  an  important  question  now  pre- 
sents itself.  It  is  proj>osed,  among  all  the  different 
velocities  that  can  be  imagined  for  the  engine,  and 
each  necessarily  implying  a  certain  correspond!' 
load,  to  determine  that  which  will  produce  the 
greatest  useful  effect.  This  problem  is  of  great 
utility,  since  it  shows  in  what  case  the  engine  will 
work  in  the  most  advantageous  manner  possible. 
To  solve  this  question,  we  must  recur  to  tin- 
neral  expression  of  the  useful  effect  produced  by 

the  engine,  and  seek  what  value  of  i  will  mike  it  a 

mnximum.    This  general  expression  is  given  by  equa- 
tion (8) ,  namely : 

Now,  in  observing  this  expression,  we  find  that 
the  velocity  figures  only  in  the  negative  terms ;  for 


OF   THE    MAXIMUM    USEFUL    EFFECT. 


36a 


the  factor  - —  could  become  negative,  that  is,  change 

the  apparent  sign  of  the  other  terms,  only  in  the 
case  wherein  the  motion  should  be  descending,  and 
wherein  at  the  same  time  we  should  have  g>k. 
But  in  that  case  the  train  would  be  found  placed  00 
an  inclined  plane  on  which  the  waggons  would  roll 
of  themselves;  and  consequently  the  useful  effect 
M  11  would  no  longer  be  the  result  of  the  force 
of  the  engine  alone,  but  of  that  force  joined  to  the 
gravity,  which  would  become  an  effective  motive 
force.  To  know  therefore  the  conditions  which 
render  the  useful  effect  of  the  engine  a  maximum, 
lids  case  must  be  excluded;  and  thus  we  see  that, 
in  the  expression  brought  forward,  so  long  at  least 
08  it  expresses  only  the  effect  proper  to  the  engine, 
the  velocity  figures  only  in  the  negative  terms. 
Heoce,  firstly,  the  greatest  useful  effect  will  take 
place  at  the  lowest  value  of  v. 

Hut,    from    equation    (1),  the  velocity    v  is  ex- 
pressed by 

1  aS  D 


V  = 


:»280 


«+e" 


and  ii  \-  1 1< ar  that,  for  given  dimensions  and  vapor- 
ization, this  expression  will  be  at  its  lowest  value, 

when  m  w  ths  smallest  possible.  On  the  other 
band)  as  the  quantity  /*  represents  the  volume  of 
the  steam  under  the  pressors  R,  il  will  evidently  be 
at  its  least  value  when  the  pressure,  or  resistance  R 
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against  the  piston,  shall,  on  the  contrary,  he  at  its 
maximum,     Hence,  finally,  the  maxinunn  useful 

effect  of  the  engine  takes  place  when  the.  load  i* 
the  greatest  possible. 

Now,  it  is  plain  that  the  resistance  R  can  in  no 
case  exceed  the  pressure  of  the  steam  in  the  boiler, 
-mi ,  ill,'  resistance  would  then  be  greater  than  the 
motive  power,  and  the  motion  would  thus  become 
impossible.  The  maximum  therefore  of  R,  the 
minimum  of  r,  and  the  maximum  possible  useful 
effect  of  the  engine,  will  be  given  by  the  conditional 

equation 

R=P. 

Consequently,  if  we  express  by  p  the  relative 
volume  of  the  steam  generated  under  the  pressure 
P  of  the  boiler,  the  velocity  of  maximum  useful 
effect  will  Ik-  determined  by  putting  p  instead  of 
n  in  equation  (I)  ;  that  is  to  say,  that  velocity 
will  be 

1       /S    _D_ 
5280"     d>'    l  +  c' 

or  else,  by  putting  for  p  its  value, 

1 

that  velocity  may  again  be  expressed  by  the  formula 
I        S  .     D  1 

n  +  ?P  ' 


v  =• 


V    = 


[4  his) 


5280    <P     l  +  c 
Tli is  equation  then  will  make  known  the  velocity 
expanding  to  the  maximum  useful  effect  oft&e 
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ue,  as  80QH  as  the  quantities  S,  d,  D,  /  and  I* 
shall  be  replaced  by  their  value  taken  on  the  engine, 
and  referred  to  homogeneous  measures,  as  has  been 
already  said. 


Sect.  II.   Of  the  load  corresponding  to  llie  maximum 
of  useful  effect. 

The  load  corresponding  to  the  maximum  of  useful 
effect  will  be  known  by  equation  (2),  on  substituting 
in  it  instead  of  v,  the  value  v  given  above.  But  it 
will  be  obtained  more  simply,  by  deducing  it  di- 
rectly from  the  condition 

R=P, 

which,  substituting  for  R  its  value  (Chapter  IX.), 
becomes 

<n-«)[(*±f)M±*-+«J]  Ji  ♦  ?£  *,«/•-* 


and  which,  when  v  is  replaced  by  v',  gives 


M1-- 


<») 


This  formula,  in  which  account  must  be  taken  of 
the  variation  of  the  term  uv"1,  as  has  been  said, 
Sect.  v.  of  the  preceding  article  of  the  present  chap- 
ter, will  make  known  the  load  thai  ought  to  he  giv<  n 
to  an  engine  to  make  it  produce  its  maximum  useful 
effect. 

It  is  necessary  here  to  remark,  that  as  this  bad 
offers  a  resistance  precisely  equal  to  the  pressure  of 
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Mr  steam  in  the  boiler,  ami  as  we  have  seen  that  at 
the  moment  of  starting  of  every  engine,  the  power 
must  necessarily  exert  an  effort  greater  than  the 
resistance,  il  would  1h-  impossible  Tor  the  engine 
to  set  itself  in  motion  with  the  load  M\  If  then 
we  would  make  the  engine  work  with  this  It 
it  is  understood  that  the  aid  of  another  engine 
would  Ik-  requisite  to  start  it;  or  else  the  enu 
man  must  for  a  few  minutes  close  the  safety-vabe, 
to  create  in  the  lx>iler  a  ex<x*ss  of  press  i 

till  the  uniform  motion  be  attained.     Then  the  mo- 
mentary excess  of  pressure  may  he  withdrawn 
the  engine  will  continue  its  motion   without 
external  aid. 

However,  as  on  railways  there  continually  occur 
little  inequalities  or  accidental  imperfections  in  the 
road,  and  as  the  engine  ought  to  be  <  apable  of  ovei 
coming  them,  it  is  not  to  he  expected  that  it 
be  made  to  perform  an  entire  trip,  working  pre- 
cisely at  its  maximum  of  useful  (Meet,  or  wit! 
maximum  load      The  prcei  ding  determination  there- 
fait  is  to  be  considered  only  as  showing  what  tin 
engine  may  perform    on   arriving   with   a    velocity 
already  acquired,  at  an  inclined  plane  situated  ai 
a  certain   point  of  the    line,  or  as    indicating    the 
point   towards  which  our  aim  should  tend  as  much 
.is   poaribll  ,    in   order  to  accomplish   producing  the 
imim  of  use-fid  effect,  but  without  reckoning  on 
obtaining  il  completely  in  practice. 

Wa  ban  neglect  the  little  necessary  difference 
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between  the  pressures  in  the  cylinder  and  in  the 
boiler,  from  the  flowing  of  the  steam  from  the  one 
vessel  to  tin:  Other.  It  plainly  tends  somewhat  Co 
reduce  the  load  of  the  engine,  increasing  in  a  cor- 
responding manner  the  velocity  of  maximum  useful 

effect 


Sect.  III.    Of  the  measure  of  the  maximum  useful 
effect  of  the  engine. 

The  maximum  useful  effect   of  the  engine  will 

evidently    be    the    product    MV.      Consequently, 

after  having  determined  the  velocity  and  the  load, 

as  has  just  heen  explained  in  the  two  preceding 

lone,  it  will  suffice  to  multiply  together  the  two 

quantities  obtained.     Thus  we  shall  have 
m.  u.  E.  =  MV (G) 

The  developed  expression  of  the  maximum  useful 
effect  might  be  obtained  immediately,  by  performing 
the  multiplication  of  the  two  values  of  v'  and  M' 
given  by  the  equations  (4  bis)  and  (5)  ;  but  as  it 
is  much  more  simple  to  solve  these  two  equations 
separately  to  derive  v'  and  M'  from  them  first,  and 
then  to  multiply  the  two  results  together,  as  has 
Jul  been  pointed  out,  we  will  follow  this  mode  of 
calculation. 

To  obtain  the  effect  of  the  engine  in  horse-pown-, 
when  working  at  its  maximum  of  useful  effect,  and 
in  like  manner  to  obtain  all  the   other  modes  of 
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expressing  the  effect  produced,  it  evidently  will 
suffice  to  substitute,  in  tin-  general  formula'  given 
on  this  head  in  the  preceding  article,  for  the  pro- 
duct Mi',  the  product  M'r',  which  is  suitable  to 
the  production  of  the  maximum  us:  I       We 

shall  not  dwell  here  on  the  divers  expressions,  B 
they  would  1m:  hut  the  reproduction  of  the  formula- 
already  explained. 


ARTICLE  III. 

PRACTICAL  PORMIL.K  FOR  CALCI.'LATINO  THE  EHPECTH 
OK  LOCOMOTIVE  ENGINES,  AND  EXAMIM.I-  i>l  I  III  111 
APPLICATION. 

We  have  hitlierto  presented  the  formula?  proper 
for  calculating  the  effects  of  the  engines,  audi 
form  completely  algebraical,  that  is  to  say,  leavin 
them  all  the  quantities  represented  by  letters,  with- 
out exceptiug  the  constant  quantities  whose  values 
been  already  determined  in  former  chapters. 
But  we  now  purpose  to  reduce  these  formula;  to 
their  most  simple  practical  form ;  in  order  to  effect 
which,  it  will  be  proper  to  replace  in  them,  as  far  as 
be,  the  letters  by  the  numerical  values  which 
they  represent. 

The  letters  which  have  a  constant   value  in  all 
cases  and  for  all  the  engines  are: 
It,  Friction  of  the  waggons,  which  we  have  found 
equal  to  o'  lbs.  per  ton  ; 
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p,  Atmospheric  pressure,  the  value  of  which  is 

21 18  lbs.   per  square  foot; 
n,  Constant  quantity  relative  to  the  volume  of  the 

steam,  its  value  being  -0001421,   when   the 

pressure   is   measured   in  pounds  per  square 

foot; 
Factor  relative  to  the  volume  of  the  steam,  equal 

to  '00000023  whin  the  pressure  is  expressed 

in  pounds  per  square  foot ; 
r.    Clearance  of  the  cylinder,  which   may  be  taken 

generally  at  -■-  of  the  useful  stroke  of  the  pis- 


ton,  which  gives 


/ 


t  +  c 


20 

21" 


These  values  being  constant  for  all  engines,  may 
lie  introduced  permanently  into  the  equations.  Sub- 
stituting Tneiu  therefore  for  the  respective  letters, 
and  itKrtitiLC  the  calculation  as  much  as  possible, 
we  obtain  the  following  formula?,  which  are  quite 
prepared  for  practical  applications. 

In  order  to  avoid  recurring  to  another  page  of 
the  work,  we  will  first  repeat  here  the  signification 
of  all  the  letters  which  .subsist  in  these  formula'. 

M,  Load  of  the  engine,  in  tons  gross,  tender  in- 
cluded ; 

in,      Weight  of  the  engine,  in  tons  ; 

C,     Weight  of  the  tender,  in  tons ; 

<y.  Gravity,  in  pounds,  of  1  ton  placed  on  the  in- 
clined plane  to  be  traveled  by  the  engine. 
2  u 
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If  the  inclination  of  the  plane  Ik*  -,  that  gra- 

2240 

vity  will  have  for  its  value,  in  pounds,  -     -  ; 

and  if  the  plane  be  horizontal,  the  gravis 

will  be  equal  to  zero  ; 

''• 

Velocity  of  the  engine,  expressed  in  miles  |ht 

hour; 

Resistance  of  the  air  against  the  train,  at  tin- 

velocity  ti,  a  resistance  expressed  in  |miuikIs  , 

P'»i 

Pressure  owing  to  the  blast-pipe,  expressed  in 

]H)unds  jier  square  foot ; 

F, 

Friction  of  the  engine,  in  pounds  : 

«, 

Additional  friction  of  the  engine,  measured  as 

a  fraction  of  the  resistance,  namely  :     H  far 

engines  with  uncoupled  wheels,  ami  '22  far 

those  with  coupled  whccN  j 

n, 

Diameter  of  the  propelling  wheels,  in  fa  1  . 

rf. 

Diameter  of  the  cylinder,  in  feel  . 

i. 

Stroke  of  the  piston,  in  feet ; 

P, 

Total  or  absolute  pressure  of  the  steam  in  the 

bofler,  in  jiounds  per  square  foot ; 

s. 

Effective  vaporization  of  the  engine,  in  cubic 

feet  of  water  per  hour.     It  varies  according 

to  the  engines,  but  may,  on  an  average. 

valued  at  "75  of  the  total  or  gross  vaporiza- 

tion, when  there  is  no  blowing  of  steam  I  > 

the  valves ; 

S', 

Total  vaporisation  oftbe  boiler,  at  the  velocity 
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of  the  motion,  in  cubic  feet  of  water  per 
hour; 
N,    Consumption  of  coke  in  the  fire-box,  in  pounds 
per  hour. 


PRACTICAL  FORMULA  FOR  CALCULATING  THE  EFFECTS 
OF  LOCOMOTIVE    ENOINE8. 

General  case. 

i>  = — . .  Velocity  of  the  en- 

(I  +  J)[(6  +  ?)M+0m  +  «*,]  +  F+  —  (2736+j>'t>)         gine,  in  miles  per 

hour. 

M=(TT5^)[7M|-^m6+''8)-p]-6T>("e,±?B) 

Load  of  the  engine, 

in  tons  gross,  tender 
included. 

u.  E =Me Useful     effect,    in 

tons  gross  drawn 
1  mile  per  hour, 
tender  included. 

u.E.inHP.  =  zs4    U,eftl1     effec*-     in 

62'5  _ 

horse-power. 

Q.  co.  pr.  t.  pr.m... —    Quantity    of   coke 

in  pounds,  per  ton 

gross  drawn  1  mile, 

tender  not  included. 

S' 
Q.  wa.  pr.  t.  pr.m...  =— —    Quantity  of  water, 

M  V  — C  V 

in  cubic  feet,  per 
ton  gross  drawn  1 
mile,  tender  not  in- 
cluded. 

M  t» 
u.  E.  llfc.  co -- — Useful  effect  pro- 
duced per  pound  of 
coke,  in  tons  gross 
drawn  1  mile,  ten- 
der included. 
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u.E.  I  ft.  wa.    ....-"J" Useful   effect   pro- 

duced  per  cubic  foot 
of  total  vaporiza- 
Iiod,  in  tons  gross 
drawn  1  mile,  ten- 
der included. 

Q.co.fr.lIIP -*-,|i—    Quantity  of  coke  in 

*     .  pounds,  which'  pro- 

ducei  the  effect  of 
1  hone. 

Q.  wa.  fr.  1  HP.. . . .  -  °*"    a     Quantity  of  water, 

'  •  in  cubic  feet,  which 

produce*  the  effect 
of  I  bone. 

u.E.  llfc.  oo.  inHP.-.-^L-    Useful    effect,     in 

hone-power,  pro- 
duced per  pound  of 
coke. 

u.E.lft.wa.inHP.--M-L_    Useful     effect,    in 

02-5  S'  . 

hone-power,  pro- 
duced per  cubic 
foot  of  total  vapor- 
ization. 


Case  of  maximum  useful  effect. 

I -H<M  1)   S  vi., 

T.-r--.; >elocitv    of   raaxi- 


1421  +  -0023  I*    /   tP 

muiu  useful   effect, 

in  niiles  per  hour. 

Maximum   load   of 

the  engine,  in  tons 
gross,  tendi-r  in- 
cluded. 

m.  u.  E.  —  M  V Maximum      useful 

effect,  in  tons  gross 
drawn  1  mile  per 
hour,  tender  in- 
cluded. 
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We  do  not  give  the  divers  modes  of  expressing 
the  maximum  of  useful  effect  in  horse  power,  &C., 
because  those  formula?  are  the  same  as  in  the 
general  case,  on  merely  replacing  M  and  v  by  M' 
and  p'. 

That  there  may  be  no  misunderstanding  as  to  the 
manner  of  expressing  the  divers  quantities  contained 
in  the  formula?,  nor  on  the  manner  of  performing 
the  calculation,  we  will  here  give  an  example  or 
two  with  some  detail. 

Suppose  tlii'ti  a  locomotive  of  (55  cubic  feet  of 
total  vaporization,  at  the  velocity  of  20  miles  per 
i  ;  with  cylinders  11  inches  or  917  foot  in 
diameter,  stroke  of  the  piston  1G  inches  or  T33 
foot,  wheels  5  feet  in  diatneler,  not  coupled,  friction 
103  lbs.,  weight  8  tons,  blast-pipe  233  inches  in 
diameter,  total  or  absolute  pressure  in  the  boiler 
)i.">  lbs.  per  square  inch,  and  consumption  of  coke 
per  hour  598  lbs.  Suppose  this  engine  employed 
on  a  level  railway,  of  about  5  feet  of  width  of  way, 
and  let  it  be  required  to  know  what  velocity  it  will 
attain  with  a  train  of  10  waggons  weighing  56  tons, 
tender  included,  which  is  the  same  as  50  tons  with- 
out tender. 

1st.  As  the  motion  takes  place  on  a  horizontal 
plane,  we  have  g  =  0  ;  and  since  the  wheels  of  the 
engine  are  not  coupled,  we  have  8=  '14  =  \. 
Moreover,  from  the  ratio  which  we  have  (bund 
between    the    total    and    the    effective    vaporization 


m  the  engine,  the  mine  of  the  latter,  al 
per  boar,  is 

S=  75  X  65  =  4875  cubic  feet  of  water  per  hotu  . 

an<l   in   fine,   from  the   proportions    of  the  en 
we   have 


.IU 


1  83 


I) 


-=■917    x^-=2237. 
0 


Thil    <lone,   to  find   what   velocity   the   engine 
will   acquire   in   drawing   the   train  of  50*  tons,  tre 
will  first  luppoee  that  it  may  he,  approximate 
23  miles  per  hour,  and  we  shall  then  have,  for  the 
pressure  in  the  Meat-pipe,  4  tbs.  per  square 
p'v  =■  57Gtbs.   per  square  foot.      As   the  elli-. 
surface  presented   to  the  shock  of  the  air,   valued 
Rooording  to  the  mode  explained  Chapter  IV.,  is 
1=70  +  10  X  12  =  190  square  feet,  the  resistance 
of  tin  ;;n  :il  the  velocity  of  23  miles  per  hour,  will 
be  ut-»  =  270. 

Thui    the    value   ol    r.    taken    without    siipjK>sii»g 
thai    tlir    vaporization    change*    with    the    vein, 
will  be 


784  x4s- 7., 


=84 


l-M  «>x56+ -j;ui  ♦  lna  t   sj:i7  (2736  +  576) 
This    first    essay    of  calculation    gives    then   24*86 

miles  per  hour,  for  the  velocity  of  the  engine 

and    M   conclude  from    it   that    the   two   t. tu,, 
and  \>  >■  winch  we  liavc  calculated  on  the  supjiosi- 
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tinn  of  v  =  23,  have  not   been  valued  in  a  manner 
sufficiently  exact,  but  tbat  the  true  velocity  is  cora- 
(1  between  24-88  and  23  miles. 

Trial  then  might  be  made  of  v  =  24,  and  this 
value  would  be  found  to  satisfy  the  problem,  when 
the  variation  which  the  vaporization  undergoes  with 
the  velocity  of  the  motion  is  neglected.  Thus  ap- 
proximative^- we  might  hold  to  this  result ;  but  if 
it  be  desired  to  calculate  with  greater  accuracy,  it 
will  be  proper  to  introduce  Che  increase  of  vaporiza- 
tion due  to  the  velocity. 

For  this  purpose,  as  the  increase  of  vaporization 
will  have  the  ellict  of  increasing  the  result  of  tin- 
calculation,  we  will  try  a  number  greater  than  24, 
as  v  =  25,  for  instance.  Supposing  then  this  datum 
for  the  valuation  of  the  variable  quantities,  we  shall 
have 

S=  51-55, 
p'v  =  630, 
w»a  =  319; 

and  resolving  the  equation  with  these  values  we  find 

»  =  25-10. 
( Vir.-;i|uciuly.  in  fine,  taking  a  mean  between  25 
and    25-19,    we    have,    for    the    definitive    velocity 
lit, 

v  =  25-10  miles  per  hour. 

Such  then  will  be  the  velocity  which  the  engine 
will  assume,  when  drawing  on  a  level  a  train  of 
50  tons,  tender  included. 
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2nd.  To  continue  (iiis  *.\.atnpk-  of  the  application 

ot  tlir  formula-,  let  it  be  required  to  find  whsl  will 

in-  the  velocity  of  the  maximum  bw  tul  effect  of  the 

me. 

In  order  to  effect  this,  we  will  replace  in  the 
equation  proper  to  that  problem)  the  pressure  P 
in  the  boiler  by  its  value-  Pes65xl44s9860tttt 
per  square  foot ;  and  supposing  first  that  the  vapor- 
ization of  the  engine  will  undergo  no  change  not- 
withstanding the  reduction  of  velocity,  we  obtain 
the  result 


1-804  x   I 


=  1713. 


1-421  +  0023  x  9360     •38$? 

This  would  then  be  the  velocity  sought,  if  the  valor- 
ization of  the  engine  were  invariable  ;  but  as  the 
diminution  Of  velocity  will  lower  the  valorization, 
which  is  such  as  we  have  supposed  it.  only  at  the 
velocity  of  20  Dules  per  hour,  we  will  try  win: 
the  velocity  of  Ifi  miles  will  suit  the  formula. 
Then  the  effective  vaporization  of  the  engine,  re- 
duced m  the  proportion  of  the  fourth  root-  ol  tin- 
velocities,  will  beconi  16*10  cubic  feet  of  water 
|ier  hour,  and  the  formula  resolved  according  to 
this  sup|iosition,  will  give 

r'  =  1 6 "20  miles  |>cr  hour. 

This  is  therefore  the  velocity  suitable  to  the  pro- 

.inrtiou  of  the  iii;i\iiiium  osi  ful  enV  i  required 

3rd.   In  tine,  to  obtain  the  load  corres|*ondin^  to 

the  maximum  n(  useful  etl'ect,  we  r.-i  m  to  the  projH'r 

1 1-  .1 1      iv  Inli   |8 
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M'= 


1 


(P— 2118— j 


HI 


D    6(1+5)  *"       6(1 +«) 

and  fust  calculating  in  this  all  the  terms,  except  the 
last,  we  have  as  a  result 

208-46. 
It   remains  then  to  subtract  from    this    number 


uv"t 
the  value  of  -^-,  to  conclude  from  it  definitively 

the  required  value  of  the   load.     As  the  value  of 
the  term  # 

hi.'* 


depends  on  the  Dumber  of  carriages  in  the  train, 
which  will  itself  be  known  only  by  the  defittitivi 
solution  of  the  problem,  we  will  again  in  this  place 
follow  the  method  of  approximations.  Supposing 
the  load  to  be  of  about  160  tons,  the  train  will 
COnSUl  of  81  Carriages  besides  the  tender;  thus 
the  effective  surface  offered  to  the  shock  of  the 
air,  will  be 

2  =  70  +  33  X  10  =  400  square  fi 

Consequently  the  resistance  of  the  air,  at  the  veil 
foond,  of  1 6-20  miles  per  hour,  will  be  nv'2=2H2  lbs., 
which  gives 

"-£=4700; 

substituting  then  this  valuation  in  the  formula,  we 
obtain  the  result 
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M'  =  208-4(1  -4700=  161*46. 

Consequently  the  load  of  161*5  tons,  forming  a 
train  of  31    carriages,  besides  the  tender,  will   be 

the  maximum  load  required 

4th.  In  fine,  if  it  be  desired  to  know  the  ma 
mum  velocity  the  engine  is  capable  of  attaining, 
when  followed  by  its  tender  only,  and  without 
drawing  any  train,  the  proceeding  will  be  as  in 
the  first  case;  but  supposing  the  load  to  be  of 
<i  tons  only,  and  taking  account  of  the  increase 
of  vaporization,  according  to  the  velocity,  the  re- 
sult will  be 

v  =  35*03  miles  per  hour. 

In  this  last  case,  the  useful  effect  of  the  enL 
tender  not  included,  will  lx>  null. 

From  these  detailed  examples  is  seen  how   I  In 
calculation   is  to  be    performed    in    all    the   cases; 
but   it    must    be  remarked,  that    with    the    use   of 
logarithms,  these    different    trials    present    no    sort 
of  difficulty,  and   that    those    who    have    once  got 
the  habit   of  these  researches,   guess  immediately 
and    at   a    glance,    what    numbers    they    ought 
employ  in  the  approximations,  so  that  the  appall 
length  ol  the  calculation  entirely  disappear*. 

Collecting  the  results  which  we  have  just    ob- 
tained, calculating   moreover    the    useful    » I 
ili.    engine,  and  expressing  it  under  the  different 

•    already    indicated,     we    form    the    folio** 
i      J 
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Effects  of  a  locomotive  of  65  cubic  feci  of  ifi1,i„i;alion. 

fil/t  a  load  of  56  tons  grot*,  on  a  level,  lender  included. 

riugca  and  the  tender)  ; 

tinder  included ; 

u.  B.  in  HP.        -      -    =  23  hon.es; 

Q.  co.  jut.  t.  pr.  in.      =    -17  Ik.  per  ton  grow*  per  mile,  tender  not 

inolndri ; 

li   wa.  pr.  t.  pr.  ra.    b    052  cuhic  foot  jwr  ton  £""">  per  mile. 

tender  not  Included ; 

ii.  B.  1  lh.  co.     .     .  =  23(i  toiw  gro«»  drawn  1  mile,  tender  in- 

cluded ; 

u.  E.  1  ft.  wa.    .     .   =  21-70  tons  gtoss  drawn  I  mile,  tender 

included . 

Q.  co.  fr.  1  HP.      .  =  26-50  ft.,,  j 

Q.  w«.  fr.  1  HP.     .  =  2" 880  cubic  t, 

ii.  E.  1  It.,  co.  in  HP.=  -038  hone: 

u.  E.  1  ft.  wii.in  HP.=    347  hor»c. 

Minima  effects  of  the  same  enyine. 

carriages  and  tender) ; 

tender  included  , 

ii.  E,  in  HP.        .      .   =  42  horses; 

(J.  oo.  pr.  t.  pr.  in.     =   '24  lh.  per  ton  gross  |ier  mile,  tender  not 

included  . 

y.  wu.  pr.  1.  pr.  m.    =  '026  cuhic  foot  per  ton  gronn  per  mile. 

tender  not  included  ; 

u.  E.  1  lh.  co.     .     .   sa  4  38  t.»n»  grow  drawn  1  mil                 in- 

abided 

.'{SO 
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u.  E.  I  ft.  wii.    . 

Q.  co.  fr.  1  IIP. 

Q.  wa,  fr.  I  HP. 

u.  E.  I  th.  co.  iii  HP.  =  -070  hone ; 

u.  E.  I  ft.  wa.  in  HP.=  -644  hone. 


=  40'2't  tons  grow  drawn   I  mil 

facto 

=  14-29  to. 

=   15.J3  cubic  foot; 


To  give  a  second  example  of  this  calculation,  we 
will  suppose  the  railway  to  have  7  feet  of  width  of 
way,  like  the  Great  Western  Railway,  and  sc«  k  what 
will  be  the  velocity  of  the  engines  of  medium  force, 
in  use  on  that  line,  under  the  same  circumstances 
as  we  bare  just  examined  relatively  to  a  railway 
of  about  5  feet  of  width  of  way. 

We  will  suppose  then  a  locomotive  of  120 

feet  of  vaporization,  at  the  velocity  of  2  i  per 

hour,  with  the  following  proportions:  cylinders  14 
inches  or  117  foot  in  diameter.  Stroke  of  the  pi 
l(»  inches  or  T33  foot,  wheels  8  feet  in  diameter, 
not  coupleil,  weight  Is  tons,  friction  270  tbs.,  hlast- 
pjpe  3- 14  inches  in  diameter,  total  or  absolute 
pressure  in  the  boiler  80  the?,  per  square  inch,  and 
consumption  of  coke  in  the  Same  time  l050flM  ot 
n  7."i  lbs.  per  cubic  foot  of  water  vaporized.  More- 
over, by  reason  of  the  width  of  the  way,  we  will  take 
the  surface  of  the  largest  waggon  of  the  train  at  100 
Square  feet,  the  average  surface  of  a  wag'-'on  ai 
square  feet,  and  the  weight  of  the  tender  at  1»>  tons. 

Seeking  then  by  the  same  calculation  as  bef< 
what  effects  this  engine  is  capahlc  of  producing,  i 

in  drawing  i  train  of  60  tons  gross,  tender  included 
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which  makes  •*)  tons  without  the  tender,  and  aftei 

wards  in  drawing  its  inaxiinuin  load,  we  obtain  tlm 
following  results : 


Effeclt  of  a  locomotive  of  190  cubic  feet  of  vaporization, 
with  a  loud  of  GO  tons  gross,  tetuter  includnl. 

14 =  CO  ton*  grow,  tender  included  (7  car- 
riages and  the  tender) ; 

v =  84'75  miles  per  hour; 

u.  E =  2085  tons  gross  drawn  I  mile  per  hour, 

U  -nder  included; 
u.  B.  in  HP.       .     .  =  33  horse*. ; 
Q.  co.  pr.  t.  pr.  m.     =  ■  60  Its.  per  ton  grot*  per  mile,  tender  not 

included ; 
Q.  wa.  pr.  t.  pr.  m.    =  -0C9  cubic  foot  per  ton  gross  per  mile. 

tender  not  included ; 
u.  E.  1  th.  co.     .     .=199  ton  grow  drawn  1  mile,  tender  in- 
cluded ; 
ii.  B.  1  ft.  wa.    .     .   =  17-38  ton*  grow  drawn  1  mile,  tender 

included  : 
Q.  co.  fr.  1  HP,      .   =  31-48ftt.; 
Q.  w*.  k.  I  HP.     .   =  3597  cubic  feet  f 
u.  E.  lib.  co.  in  Hl'.=    032  horse  ; 
u.  E.  1  ft.  wa.  in  HP.«=  -278  horse. 


Minima  rff~ect\  of  the  same  enyiiir. 

M' =  147  tons  gross,  tender  included  (20  car- 
riages and  the  tender) . 

»' =  255.)  miles  per  hour  ; 

u.  B =  3756  ton*  gross  drawn-  1  mile  per  hour, 

tender  HBotaded 

n.  E.  in  HP.       .     .    =  CO  horses; 
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Q.  co.  pr.  t.  pr.  m.     =    30  ft.  per  ton  grow  per  mil*,  tender  ml 
bclndcd ; 

Q.  wa.  pr.  t.  pr.  in.    =  -03-I  cubic  fu.it  per  too  groM  per  I 
I.  iuUt  moi  included : 

u.  E.  I  ft.  co.     .     .  =  3'58  ton*  gruai  drawn  1  mile,  tender  in- 
cluded ; 

u.  E.  1  ft.  w»-    .     .   =  3130  toil*  pro**  «lrnwn   I    mill  ,  b 
included ; 

Q.  eo.  it.  1  HP.      .   =  I7  47tt».; 

Q.  wa.  it.  1  HIV      .  =  1-997  cubic  fori  . 

u    E.  1  ft.  co.  in  IU\=    057  bur»c; 

u.  E.  1  ft.  wa.  in  IU'.=    501  horn. 

The  velocity  of  the  same  engine,   drawing  its 
tender  alone,    would   l>e   43*28   miles    per    bow  | 
iiirh  would  be  the  maximum  of  velocity  thai  this 
engine  could  attain. 

It  is  visible,  in  these  examples,  that  the  above 
formula-  present  no  difficulty,  and  that  it  ifl  merely 
necessary  to  preserve  in  them  the  homogeneity  of 
the 'measures  employed. 


ARTICLE   IV. 

r.MT.UIMCSTR    ON     THE    VELOCITY     AMI     LOAD    l>V    TIIK 
ENGIMSB. 

That  a  precise  idea  may  be  formed  of  the  degree 
of  accuracy  attainable  by  the  formula  which  vw  have 
in  I  L'iven,  and  that  besides,  in  case  of  need,  calcu- 
lations  uia\    he  grounded  on  material  tarts,  we  v. ill 
'■  a  series  of  experiment*    which  ,•..•  under- 
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took  with  a  view  to  know  the  velocities  af,  which  the 
engines  draw  different  loads,  in  their  ordinary  and 
regular  work. 

These  experiments  were  made  on  the  Manchester 
and  Liverpool  Railway,  of  which  this  is  the  section, 
such  as  it  results  from  a  survey  made  in  the  month 
of  August,  1833,  hy  Mr.  J.  Dixon,  then  engineer  to 
the  Company.  We  give  only  that  part  of  it  which 
is  traversed  hy  the  locomotives.  There  are  besides, 
under  the  town  of  Liverpool,  three  tunnels,  worked 
bv  stationary  engines. 

The  railway  beginning  at  the  Liverpool  station, 
and  ending  at  that  of  Manchester,  traverses  the 
following  distances  and  inclinations  : 

•53  mile,  level. 

5*SS  —  descent y^, 

147  —  asceut  ,•, 

1-87  —  level. 

1-39  —  descent fy 

2-41  —  descent yfa 

6-60  —  descent xfa 

5-62  —  ascent  xfa 

436  —  ascent  j^Vy 

29-48  miles. 

During  the  experiments  in  question,  the  velocities 
were  carefully  taken  by  noting,  in  minutes  and 
seconds,  the  moment  of  passing  hy  every  quarter  of 
a  mile  on  the  road.  The  quarter  miles  are  marked 
by   numbered   posts.      At  the  same  moment   the 
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pressure  of  the  steam  in  tlic  boiler  aud  in  the  blast- 
pi  ]ie  was  also  observed. 

Tin.'  weight  of  the  mggane  was  taken  exactly,  in 
tons,  hundred-weights,  and  pounds ;  but  we  express 
it,  for  greater  convenience,  in  tons  and  decimals  of  a 
ton.  Tin-  tenders  of  the  engines  were  not  weighed  ; 
they  arc  quoted  at  their  average  might  daring 
the  trip ;  namely,  5*5  tons  when  water  la  taken  on 
the  road,  and  only  5  tons  when  that  is  not  the  i 
The  carriages  containing  passengers  could  not  be 
weighed,  because  the  regulations  oi  the  railway  do 
not  admit  of  that  delay  ;  but  we  have  here  inserted 
their  average  weight,  as  well  as  that  of  the  private 
carriages  and  trucks. 

The  state  of  the  weather  is  noted,  because  U 
well  known  that  a  wind  a-head,  aud,  above  all,  a  side 
wind,  which  presses  the  flange  of  the  wheels  ag;> 
the  rails,   increases  the  resistance  of  the  train  ;  and 
the  date  of  each  experiment  is  given  as  a  point  of 
verification . 

The  following  Table  contains  the  results  of  these 
experiments.  The  first  column  gives  the  description 
of  the  engine  and  it-,  load,  the  second  indicates 
ilu  inclination  of  the  portion  of  road  traversed  by 
tlir  train,  the  third  and  fourth  show  the  rffn 
-ure  of  the  steam  in  the  boiler  and  in  the  bl 
pipe,  such  as  they  were  observed  at  the  moment  of 
the  experiment.  In  the  fifth  we  have  given  the 
Opening  Of  the  regulator  at  the  time,  as  a  fraction 


PRACTICAL    FORMULA. 


3K5 


of  its  total  size;  but  it  must  be  added  tbat  tbe 
engine  Star,  on  which  we  had  caused  graduated 
divisions  to  lie  marked,  was  the  only  one  which 
admitted  of  measuring  the  opening  with  precision. 
In  the  other  engines,  the  handle  of  the  regulator  did 
not  turn  on  a  graduated  circle,  and  therefore  we 
could  only  set  down  the  degree  of  the  opening  as  it 
might  he  estimated  by  the  eye.  The  sixth  column 
of  the  Table  contains  the  velocity  of  the  engine, 
such  as  it  was  olwervcd,  and,  in  fine,  the  following 
column  gives  the  result  of  our  formula  for  the  case 
considered. 

To  perform  the  calculation  relative  to  each  en- 
gine, we  vise  the  determinations  developed  Chap.  X. 
Thus  we  attend  to  the  variation  of  the  vaporization 
with  the  velocity  of  the  motion,  according  to  what 
has  been  indicated.  We  take  account  of  the  habitual 
blowing  of  the  safety-valves  during  the  progress,  for 
all  the  engines,  except  the  Star,  which  was  not 
liable  to  such  loss ;  and  it  will  be  recollected  that 
this  loss  amounts  on  an  average  to  '05  of  the  total 
vaporization  of  the  boiler.  In  the  experiments 
made  on  the  inclined  planes,  we  likewise  deduce 
the  considerable  loss  which  then  manifests  itself  at 
the  valves  of  all  the  engines,  and  of  which  the 
valuation  has  been  seen  for  every  case.  We  take 
account  too  of  the  water  carried  away  with  the 
steam  without  being  vaporized,  or,  according  to  the 
technical  term,  the  prime  water;  and  for  these 
divers    elements    of  calculation,    we    refer    to    the 

2c 


CHAPTER    XII. 


detail*  contained  in  Chapter  X.,  without  repeal 

here,  for  each  engine,  the  determination  which 
concerns  it.  Relatively  to  the  absolute  size  of 
tin-  regulator  of  the  engines,  we  refer  likewise  to 
the  chapter  where  that  subject  will  be  specially 
treated  ;  in  that  place  will  be  found,  for  i 
gine,  the  dimensions  of  the  steam-way,  and  conse- 
quently of  the  orifice  of  the  regulator  when  it  is 
entirely  open.  But  us  the  greater  or  less  openifl 
the  regulator  has  no  other  action  than  that  of  pro- 
ducing directly  the  blowing  of  the  valve,  or  indin 

the  reduction  of  vaporization  in  the  boiler,  BO 
the  use  we  make  of  the  effective  vaporization  in  our 
formula?  already  comprehends  those  two  effect- 
merely  indicate,  in  the  tilth  column,  the  opening  of 
the  regulator,  by  a  fraction  of  its  total  vhich 

will  suffice  for  the  finding  of  its  absolute  size,  should 
it  appear  necessary  Finally,  all  the  engines  worked 
with  more  or  less  lead  of  the  slide,  which  I 
particular  disposition  that  we  shall  treat  of  in 
Chapter  XVI.;  but  as  we  shall  then  find  that 
this  lead  was  very  slight,  and  as  its  effects  besides 
are  already  found  comprised  in  the  loss  of  water  by 
"i<7.  such  as  we  have  determined  it,  we  will 
avoid  complicating  our  calculations  with  this  ad- 
dition. We  shall  make  an  exception  however  in 
this  respect  for  the  engine  Vesta,  because,  in  that 
engine,  the  loss  by  priming  had  been  determined 
for  another  lead  of  the  slide  than  that  at  which 
it    worked   in   the  experiment  which  we  are  about 
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to  relate.  For  this  case  then  we  shall  take  ac- 
count of  the  lead  of  the  slide  as  will  be  indicated 
Chap.  XVI. 

In  making  the  comparison  between  the  observed 
and  the  calculated  velocities,  attention  must  be  paid 
to  several  circumstances. 

1st.  There  is  reason  to  believe  that,  when  engines 
work  at  less  pressure  in  the  boiler,  they  arc  liable  to 

less  loss  by  priming.  As,  tberefoce,  we  bav*  made 
use  in  this  respect  of  the  mean  determination  for 
each  engine,  it  is  in  general  to  be  expected  that  in 
I  he  cases  of  low  pressure,  the  calculated  velocities 
will  be  found  somewhat  too  small,  and  that,  in  the 
contrary  case,  they  will  be  rather  too  great. 

2d.  The  direction  of  the  wind  must  necessarily 
have  some  influence  on  the  velocity  of  the  train. 

3d.  When  the  water  contained  in  the  tender  is 
very  hot,  since  its  heat  diminishes  continually  a^  the 
journey  advances,  it  will  most  commonly  happen 
that  the  engine  will  vaporize  more  water,  and  con- 
sequently assume  a  greater  velocity  at  the  beginning 
of  the  experiment  than  at  the  end  of  it. 

4th.  The  differences  arising  from  the  three  pre- 
ceding circumstances,  become  easily  compensated 
by  the  irregularities  in  the  vaporization  of  the 
engine;  and  these  are  inevitable,  as  well  from  the 
greater  or  less  attention  of  the  cugine-man,  us  on 
account  of  the  sudden  slackening  which  the  vapor- 
ization is  subject  to,  every  time  it  becomes  necessary 
to  heap  up  the  foe  or  to  refill  the  boiler.      Thus, 
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since  the  observed  velocities  result  from  the  actual 
and  variable  valorization  of  the  boiler,  whereas  the 
calculate<l  velocities  are  determined  from  the  mean 
vaporization  of  the  engine,  supposed  to  he  imil'orni 
throughout  the  trip,  there  must  necessarily  occur, 
from  time  to  time,  considerable  differences  between 
the  calculation  and  the  observation ;  but  it  will 
readily  be  perceived  that  these  differences  depend 
on  llr  n  n  ^ularitics  of  the  vaporization,  on  ob- 
serving tliat,  in  the  same  trip,  the  engine  often 
assumes  its  greatest  velocity  at  the  moment  when 
the  gravity  opjioscs  the  greatest  resistance,  or  that 
two  |M)rtions  of  the  line,  on  which  the  gravity  is 
sensibly  the  same,  are  traversed  with  velocities  very 
iliffcreut.  However,  were  the  experiment  sufficiently 
prolonged,  all  these  momentary  irregularities  would 
dinppaU  almost  entirely. 
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()!■'  THE  PROPORTIONS  OF  LOCOMOTIVE  ENGINES. 


Sect.  I.    Of  the  diurs  problems  which  occur  in  the 
construction  of  locomotive  engines. 

In  the  preceding  chapter,  we  have  sought  the  effects 
producible  by  a  locomotive  engine  already  con- 
structed, or  whose  dimensions  are  determined ;  we 
are  now  about  to  determine,  on  the  contrary,  what 
should  be  the  proportions  of  a  locomotive  engine, 
as  yet  unbuilt,  in  order  to  obtain  from  it  desired 
effects. 

In  this  state  of  the  question,  the  quantities  given 
h  priori  are  the  load  of  the  engine  for  a  known 
velocity,  or  else  its  velocity  or  its  load  corresponding 
to  the  maximum  of  useful  effect ;  and  the  unknown 
or  indeterminate  quantities  are  the  heating  surface 
of  the  boiler,  the  diameter  of  the  cylinder,  the  length 
of  the  stroke,  the  diameter  of  the  wheel,  and  the 
pressure  in  the  boiler. 

On  the  other  hand,  we  have  demonstrated  in  the 
preceding  chapter,  that  there  exist  between  these 
divers  quantities,  known  or  unknown,  three  general 
analogies  BKpgeiBCd  by  the  equations  (1  bis),  (4  bis), 
and  (5);  the  first  relating  to  the  general  effects  of 
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the  engine  with  an   indeterminate  load  or  vclo< 
and  the  two  others  to  the  production  of  the  max- 
imum of  useful  effect.  • 

from  hence  then  it  results  that,  according  as 
either  of  these  general  analogies  Ik-  taken  to  deter- 
mine one  pr  other  of  the  dimensions  of  the  engine, 
the  following  are  the  questions  that  it  may  be  pro- 
posed to  resolve : 

1st.  To  determine,  either  the  heating  surface  of  I 
boiler,    or    the  diameter  of  the  cylinder,  or  the, 
length  of  the  stroke  of  the  piston,  or  the  diameter 
of  the  wheel,  that  the  engine  may  draw  a  gi 
load  at  a  desired  velocity  ; 

2d.  To  determine,  either  the  heating  surface  of  the 
boiler,  or  the  diameter  of  the  cylinder,  or  the 
stroke  of  the  piston,  or  the  diameter  of  the  whi 
or,  in  fine,  the  pressure  in  the  boiler,  that   th) 
engine  may  acquire  a  desired  velocity,  or  draw 
a  given  load,  producing  at  the   same   time 
maximum  of  useful  effect  ; 

3d.  To  determine  the  combined  proportions  pr 
to  be  given  to  the  divers  parts  of  the  engine,  t>. 
enable  the  engine  to   fulfil   divers   simultaneous 
conditions. 

Each  of  these  three  enunciations  visibly  compre- 
bt  mis  a  series  of  distinct  questions,  which  we  shall 
resolve  su<  <  essivclv    WY  shall  therefore  first  suppose 

that  it  is  required  to  determine  one  of  the  dimensi 
of  the  engine,  according  to  the  general  condition  of 
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its  drawing  a  given  load  with  n  given  velocity.  We 
shall  afterwards  pass  to  similar  determinations, 
deduced  from  the  conditions  prescribed  for  the 
maximum  of  useful  effect ;  and  finally  we  shall 
consider  the  case  in  which  it  is  required  to  deter- 
mine several  of  the  parts  of  the  GBgfaw,  from  divers 
conditions  relative  either  to  the  first  case,  or  to  the 
second. 


Sect.  II.  Of  the  vaporisation,  or  of  the  heating  sur. 
face,  necessary  to  enable  a  locomotive  engine  to 
draw  a  giten  load  at  a  desired  velocity. 

Among  the  questions  which  we  have  just  indi- 
cated, the  most  important  consists  in  determining 
the  vaporization  of  the  engine,  or,  in  other  words, 
the  dimensions  proper  for  its  boiler,  to  enable  it  to 
draw  a  given  load  at  a  desired  velocity. 

To  solve  the  problem,  recourse  must  evidently  be 
had  to  equation  (1  bis),  which  expresses  the  general 
relation  between  the  different  dimensions  of  the  en- 
gine and  its  effects,  with  an  indefinite  load  or  velo- 
city.    This  equation  is 


A2KU 


Consequently,  resolving  it  with  reference  to  S,  which 
is  the  required  quantity  of  the  problem,  we  obtain 
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Substituting  then  in  this  equation  for  r  and  M,  the 
L'ivtn  velocity  and  load,  putting  likewise,  for  the 
dimensions  of  the  engine,  their  values  which  may 
he  taken  arbitrarily,  and,  in  line,  putting  foe  F  the 
presumed  friction  of  the  engine,  such  as  we  ha\e 
D  the  means  of  valuing'  it  in  Chapter  VIII..  we 
shall  obtain  the  effective  vaporization  which  tin 
gine  ought  to  have,  in  order  to  fulfil  the  condition 
prescribed. 

Thence  must  afterwards  be  deduced  the  total  or 
gross  vaporization  of  the  boiler.  Now  we  have 
found  that  in  locomotive  engines  of  the  present 
construction,  the  effective  va|M>rization  is  lo  the 
total  vaporization  in  the  ratio  of  the  number- 
and  1.  Therefore  the  total  vaporization  of  water, 
corresiKuuling  to  the  effective  vaporization  S,  is 

S'=  A=  1-33  S. 
•7.r) 

And  as  moreover,  in  certain  engines,  then;  is  y. 
lost,  during  the  motion  and  by  the  safety-valves, 
a'o  of  the  total  water  raporized,  it  follow. s  that  for 
those  engines,  we  shall  have  the  definitive  tote] 
vaporization  of  the  boiler,  on  multiplying  the 
quantity  just  obtained  by  the  factor  105;  so  that 
the  total  vaporization  will  then  be 

S'=105x  1  .33S=1-40S. 

Thus  will  then  be  attained  the  knowledge  of  the 
total  vaporization  necessary  to  the  production  of  the 
desired  effects.     This  vaporization  will  be  such  us 
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the  engine  ought  to  produce  at  the  given  velocity  V, 
and  since  we  have  seen  that  the  vaporization  varies 
in  the  ratio  of  the  fourth  roots  of  the  velocities,  it 
follows  that  at  the  velocity  of  20  miles  per  hour, 
the  same  engine  ought  to  be  capable  of  vaporizing  a 
quantity  of  water  expressed  by 

140  S  X 

Consequently,  if  it  be  desired  to  conclude  from 
hence  the  heating  surface  which  the  boiler  ought 
to  have,  it  will  suffice  to  refer  to  the  results  which 

we  have  obtained  in  Chapter  X.,  namely:  that  at 

the  velocity  of  20  miles  per  hour,  each  square  foot 
of  total  heating  surface  produces  a  vaporization  of 
•200  cubic  foot  of  water  per  hour.  Thus  the  total 
heating  surface  necessary  to  produce  the  effective 
vaporization  S,  at  the  given  velocity  r,  will  be 

1-40 

•20 


.s(£)»  =  7S(2)*. 


If  the  given  velocity  v  differ  but  little  from  20 
miles  per  hour,  or  if  a  very  great  degree  of  precision 
is  not  required,  we  may,  in  this  expression,  neglect 
the  term 


(?)*• 


and  be   satisfied  with  taking  the  heating  surface 
equal  to  the  quantity  7S. 

It  appears  at  the  same   time  that,  in  order  to 
obtain  immediately   the  effective  vaporization  of  a 
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given  toiler,  we  may  limit  the  calculation  to  tal 
}  of  the  total    heating  surface,  expressed  in  square 
feet ;   and  the  result  will  be  the  vaporize 
pressed  in  cubic  feel  of  water  per  bow.     Thil  nun- 
mary  method  may  be  used  in  practice,  as  au  ap- 
proximation. 


Srct.  III.    Of  the  diameter  of  the  cylinder* ,  nm 
that  the  engine  nun,  drtUB  a  given  load  at  a  gi 
velocity. 

If,  in  planning  an  en  pne,  the  vaporization  which 

the   boiler   H    to   have   has  been   previously  SOtl 
desired  i  fleets  may  yet  be  attained  by  deternn 
for  that  purpose  one  of  the  other  dimensions  of  the 
engine. 

For  instance,  the  diameter  of  the  cylinders,  which 
would  enable  th<  to  fulfil  the  prescribed  con- 

ditions,  may  be  sought.  To  obtain  the  solution  of 
this  problem,  it  evidently  suffices  to  solve  equation 
(I  bis)  with  reference  to  d,  which  is  the  diameter  of 
the  cylinder,  and  we  have 

-  ?■  dffr  Cw'/f.-ffA?-^^*— --  T7-J  -» 

Substituting  in  this  equation,  for  S,  r,  M,  I)  and 
/,  the  value?*  that  have  lieen   previously  fixed  on, 
introducing  for    F   the    presumed    friction    of   tin- 
engine,  such  as  we  have  found  it  in  Chapter  VIII 
and  for  p'v  the  pressure  in  the  blast-pipe,  resulting 
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nom  the  proportions  adopted,  we  shall  obtain  in  the 
second  member  the  value  of  d'J,  taking  the  square 
root  of  which  we  have  definitively  the  value  of  d, 
or  the  diameter  of  the  cylinder  expressed  in  hit. 

It  is  to  be  remarked  that  the  proposed  problem 
will  be  possible  only  when 


Of 


i-/fc-rr!,-7>^M-^"'*T^r 


S>i2M^c(l*»)^[(*±,)M±^.^«r'.rl?]i 


for  otherwise  the  second  member  of  the  equation 
would  become  negative,  and  the  value  of  d  would 
be  imaginary.  This  condition  is  readily  explained 
on  referring  to  the  general  valve  of  the  vaporisation 
necessary  to  draw  the  load  M  at  the  velocity  v. 
This  general  value  is,  as  has  been  seen,  according 
to  equation  (7), 


and  it  is  manifest,  on  the  mere  insjH-vtion,  that  if 
the  value  supposed  for  S  did  not  fulfil  the  condition 
indicated  above,  the  vaporization  would  be  insuf- 
ficient to  draw  the  load  M  at  the  velocity  v,  what- 
ever might  be  the  diameter  chosen  for  the  cylinder. 
The  impossibility  of  the  problem  would  arise  then 
from  the  values  adopted  for  S,  M  and  v  being  in- 
compatible with  each  other ;  but  on  taking  a  suf- 
ficient value  for  S,  the  required  solution  will  be 
easily  attained,  by  means  of  the  preceding  formula. 

2  D 
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Sect.   IV.    Of  the  length  of  the  stroke  of  the  pu 
requisite  for  the  engine  to  drutr  n  given  load  «'  <i 
given  velocity. 

If,  besides  the  vaporization  of  the  boiler,  Bib 
diameter  of  the  Cylinder  Ims  also  been  fixed  upon. 
but  that  nothing  bus  l>een  decided  relative  to  the 
stroke  of  the  piston,  the  value  of  this  undeterm 

quantity  nay  still  be  obtained,  such  as  to  enable 

the  engine  to  fulfil  the  desired  conditions. 

To  obtain  the  length  of  stroke  proper  for  an 
engine,  entirely  determined   in  other  .   in 

order  that  it  may  draw  a  deai  d  at  a  gi 

velocity,  it  will  be  sufficient   to   resolve  equation 
^1  bis)  with  reference  to  /,  which  will  give 


i- 


i  «■« 


r  L«8o 


rTO'7-«^"*»— ",  -T7i 


This  equation   then   will  solve  the  question,  and   it 
will  be  remarked  that,  to  prevent  /  from  becot; 
a  negative  quantity,  the  value  of  S  must  fulfil  the 
same  condition  as  in  the  preceding  inquiry,  which 
is  explained  in  the  same  manner. 

The  presumed  friction  K  of  the  engine,  and  I 
pressure  p'v  in  the  blast-pipe,  which  are  to  be  - 
stituted  in  the  equation,  will  be  obtained  as  it 
d  in  the  hut  sect  i 
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Sbct.  V.  Of  the  diameter  of  the  wlieel,  necessary 
for  the  engine  to  attain  a  desired  velocity  with 
a  given  load. 

In  fine,  it  may  still  occur  that  from  different 
considerations  all  the  other  proportions  of  the  en- 
gine have  hcen  decided  on,  and  that  with  these 
proportions  it  be  required  to  know,  what  diamctc  r 
should  be  given  to  the  profiling  wheel  of  the 
engine,  that  it  may  acquire  a  desired  velocity  with 
a  given  load. 

The  quantity  D  in  this  case  becomes  the  object  of 
determination  of  the  problem,  and  its  value  will 
again  be  drawn  from  equation  (1  bis),  namely: 

9+ ft 


<r-i 


d-  ~  •  g 

1  t « "  ~l       i    I      i     5  ,         ~      F~ 


...(10) 


It  will  be  remarked  that  this  equation,  like  the 
two  preceding  ones,  is  also  subject. to  the  condition 
that  the  vaporization  adopted  for  the  engine  Ik;  not 
incompatible  with  the  load  and  the  velocity  which 
are  intended  for  it  at  the  same  time;  and  it  is,  of 
course,  needless  to  add,  that  if  the  value  of  D  re- 
sulting from  this  formula  should  be  found  too  large 
or  too  small  to  be  applicable  in  practice,  the  solution 
obtained  must  be  regarded  merely  as  satisfying  the 
algebraic  equation,  but  by  no  means  as  solving  the 
practical  problem  in  the  manner  it  ought  to  be 
understood. 
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Sect.  VI.  Of  the  vaporization,  or  of  the  heating 
fpafaot  a  kteomoHvt  engine  ought  to  have,  in  order 
to  acquire  a  given  velocity,  producing  at  the  same 
time  its  maximum  of  useful  effect. 

The  four  questions  which  have  occupied  us  thua 
far,  have  had  in  view  to  determine  one  or  other 
of  the  dimensions  of  the  engine,  from  equation 
1  Hi),  that  is,  from  the  condition  that  the  engine 
draw  any  given  load  whatever,  at  a  given  veloi 
But  we  are  now  about  to  suppose  that  it  is  required 
to  determine  the  dimensions  of  tin.1  en  ine,  not  from 
its  effects  with  any  given  load,  but  from  the  con- 
dition that  it  produce  ib»  maximum  useful  effect, 
either  at  a  given  velocity,  or  with  a  given  load 
and  as  the  relation  between  the  dimensions  of  tlu- 
engine  and  its  maxima  effects  is  expressed  by  the 
two  equations  (4  bis)  and  (5),  namely  : 

to  these  we  must  have  recourse  in  order  to  ail 
the  solution  sought. 

Suppose,  then,  it  be  required  to  determine  the 
vaporization  S,  or,  in  other  words,  the  heating 
surface  of  the  engine,  according  to  the  condition 
that  it  produce  its  maximum  of  useful  effect  at 
certain  given  velocity  9*. 
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It  is  clear,  then,  that   the  value  of  S  must  he 
derived  from  equation  (4  his),  which  will  give 


S=5280 


I'D 


«» 


+  P 


) 


01) 


This  equation  will  make  known  the  effective  vapor- 
ization sought,  as  soon  as  t>  and  the  dimensions 
of  the  engine  shall  he  replaced  hy  their  values 
supposed  fixed  or  chosen  beforehand;  and  from 
it  will  be  concluded,  as  in  Sect.  i.  of  this  chapter, 
the  total  consumption  of  water  in  the  boiler,  and 
consequently  the  heating  surface  necessary  to  obtain 
the  desired  effect. 

It  will  be  remarked  that,  as  equation  (5)  furnishes 
no  relation  between  the  vaporization  S  and  the 
maximum  load  of  the  engipe,  the  vaporization  can- 
not be  determined  directly,  from  the  condition  of 
the  engine  drawing  a  certain  given  load,  producing 
at  the  same  time  its  maximum  useful  effect.  It  is 
evident,  indeed,  that  as  this  condition  depend! 
entirely  on  the  effort  the  engine  is  capahle  of  ex- 
erting, and  is  altogether  independent  of  the  velocity 

of  the  motion,  the  question  is  to  be  solved  only  by 
seeking  the  pressure  of  the  steam  in  the  boiler, 
capable  of  producing  the  determined  effort ;  and 
consequently  it  is  in  the  next  problem  that  its  solu- 
tion will  Ik-  found. 
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Sbct.  VII.  Of  the  pressure  in  the  boiler  necessary 
for  the  engine  to  draw  a  given  load,  or  acquire  a 
desired  velocity,  producing  at  the  same  time  its 
maximum  of  useful  effect. 

If  the  maximum  load  of  the  engine,  or,  in  other 
words,  the  load  it  should  draw  when  producing  its 
maximum  of  useful  effect,  have  been  previously 
decided  on,  and  if  it  hi:  desired  to  know  what 
ought  to  be  the  pressure  in  the  l>oilcr,  to  enable  the 
engine  to  draw  that  maximum  load,  it  is  clearly  to 
equation  (5)  that  recourse  must  lie  had,  since  that 
is  precisely  the  equation  which  gives  the  relation 
between  the  known  and  unknown  quantities  of  the 
problem  under  consideration. 

Resolving  then  this  equation  with  reference  to  P, 
which  is  the  pressure  in  the  boiler,  we  obtain 

P=(l  +A)J^  [(k±f)  M'±  ym  +«,'»+  _£_]  +J+/V  .  .  .  (12) 

This  formula  then  will  make  known  the  pressure  P, 
It  is  to  be  observed  oidy  that  this  equation  con- 
tains two  terms  p'v  and  up'1,  functions  of  the 
minimum  velocity  of  the  engine,  which  is  not  given 
it  priori,  hut  which  is,  on  the  contrary,  to  result 
from  the  knowledge  of  P,  according  to  the  equation 
(1  bis),  when  that  quantity  P  shall  be  determined. 
This  circumstance  therefore  will  render  it  necessary 
to  operate  here  in  the  same  manner  as  we  have 
already  indicated  relatively  to  equation  (1),  in  the 
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preceding  chapter ;  that  is  to  say,  the  operation 
must  be  performed  by  successive  approximations. 
A  supposition  therefore  must  first  be  made  as  to  the 
probable  value  of  v,  and  having  calculated,  with  that 
supposition,  the  value  of  1',  it  must  be  ascertained, 
by  seeking  the  velocity  of  maximum  useful  effect  for 
the  pressure  P  and  the  known  vaporization  S  of  the 
ciiL-inc,  whether  that  velocity  be  too  remote  from 
that  which  was  supposed  for  the  finding  of  P.  If 
the  difference  between  the  two  is  trilling,  this  first 
solution  will  suffice,  and  the  value  thus  obtained  for 
P  may  be  adopted.  If,  on  the  contrary,  the  velocity 
of  maximum  useful  effect,  resulting  from  the  values 
of  P  and  S,  differ  from  the  supposition  originally 
made,  too  much  to  warrant  placing  confidence  in  the 
result,  then  the  calculation  must  be  begun  U 
introducing  into  the  equation  (12)  the  velocity  ti'  ob- 
tained by  this  first  approximation,  and  thence  will  be 
deduced  a  new  value  of  P  more  approximate  than  the 
first.  This  would  lead,  if  required,  to  a  third  ap- 
proximation ;  but  with  a  little  experience,  two  trials 
will  always  lead  to  a  value  of  P  sufficiently  near  for 
practical  uses.  The  problem  therefore  may  be 
somewhat  long  to  solve,  but  can  present  no  sort  of 
difficulty. 

The  solution  thus  obtained  will  give-  the  total  or 
absolute  pressure    of  the  steam  in  the  boiler,  ex- 
pressed in   pounds    jkt  square    foot ;    that    is,  ex- 
pressed generally  in  units  of  the  species   of  tin 
which   are  determined  by   the  homogeneity  of  t 


408 


CHAPTER    XIII. 


equations,  as  has  been  explained  in  Sect  iv.  ol 
preceding  chapter. 

Instead  of  determining  the  pressure  in  the  boiler, 
as  we  have  just  done  it,  that  is,  according  to  the  con- 
dition thai  i  lie  draw  a  given  load,  prodni 
at  the  same  time  its  maximum  I  effect,  wc 
may  likewise  determine  that  pressure,  according 
to  the  condition  that  the  engine  shall,  with  a  ! 
vaporization,  attain  a  certain  given  velocity,  pro- 
ducing also  its  maximum  of  useful  eflfe  l 

It  will  then  be  from  equation  (4  bis)  that 
v.ilvie  of  P  mail  he  drawn,  which  gives 

P-    '        1        /       D     8     -  m 

And  substituting  in  this  equation  the  value  nl  tin- 
divers  dimensions  of  the  engine,  we  have  the 
pressure  in  the  boiler,  which,  for  a  given  vapor- 
ization, will  make  the  engine  assume  the  desired 
velocity  i  ,  producing  at  the  same  time  its  maximum 
useful  ell.  it 


Sect.  VIII.  Of  the  diameter  of  the  cylinder,  or 
the  stroke  of  the  piston,  or  of  the  diameter  of  the 
vheel,  necessary  thai  tin  engine  may  assume  a 
desired  velocity  or  ih/iu-  a  given  load,  producing 
also  its  maximum  useful  effect. 

It  has  been  seen  in  the  two  preceding  problems, 

that    if  the   engine    i-    required    to  assume   ■    given 
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velocity,  producing  at  the  same  time  its  maximum 
of  useful  effect,  there  are  two  ways  of  attaining  that 
end :  either  by  determining  the  vaporization  neces- 
sary for  the  producing  of  that  effect,  or  by  assuming 
any  valorization,  and  then  determining  the  pressure 
in  the  boiler  proper  to  obtain  the  desired  velocity. 

We  have  just  seen  likewise,  that  if  it  be  wished  to 
render  the  engine  capable  of  drawing  a  certain  given 
maximum  load,  that  end  may  be  attained  by  deter- 
mining, from  equation  (12),  the  pressure  which 
ought  then  to  be  produced  in  the  boiler. 

Hut  besides  lie  ■■■  ir.i'atM  of  attaining  the  desired 
effects,  there  are  yet  three  other  ways,  which  conn -t 
in  adopting  arbitrarily  the  vaporization  of  the  engine 
and  the  pressure  in  the  boiler,  and  then  determining 
either  the  diameter  of  the  cylinder,  or  the  stroke  of 
the  piston,  or  the  diameter  of  the  wheel,  according 
to  the*  condition  proposed  to  be  fulfilled. 

Suppose  then  that  the  vaporization  of  the  engine 
and  the  pressure  of  the  boiler  be  already  fixed  by 
other  considerations,  and  that  it  be  required  of  the 
engine  to  produce  its  maximum  useful  effect  at  a 
certain  fixed  velocity  c'.  Then  it  will  clearly  suffice  to 
resolve  the  equation  (4  bis)  with  reference  to  d,  to  /, 
or  to  D,  according  to  which  of  those  three  quantities 
it  is  wished  to  determine  from  that  condition.  We 
shall  have  then 

1  /       I     0    8        1 


d       5280  '  J+c  '  j  '    / 


S 


(14) 


or 


no 
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5280  '/+e'  }  'rf*  '  tf  'i^+| 
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.... 


or 


D=5280i±£.,rf»/.  ^  .  (1  +  P) (16) 


We  may  therefore  dhooee  one  of  these  three  eola- 
tions; and  introducing  into  the  equations  for  S,  P, 
and  the  dimensions  of  the  engine,  their  values  | 
viously  decided  on,  we  shall  obtain  the  value  of 
those  dimensions  which  shall  have  been  I'M  I" 
determine  according  to  the  prescribed  condition. 

Ii,  instead  of  laying  down  the  condition  that  [In 
engine  acquire  the  velocity  v'  producing  also  its 
nuum  useful  effect,  wc,  on  the  contrary,  impose 
the  condition  Chat  it  draw  a  certain  given  maximum 
load  M',  then  the  problem  will  be  the  same  as  the 
preceding,  with  the  exception  that  M'  will  Ik-  given 
instead  of  v.  Recourse  therefore  will  be  had  to 
equation  (5),  which,  resolved  successively  with  n 
eace  to  d,  l  and  D,  will 


or 


/=(. 


or,  in  fine, 


P-P-P* 


l+* 


4*1  P-p-ftf 


t*±jf)M*ir-  +  -^t    | 


(  M 


(19) 
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As  these  equations  still  contain  the  terms  p'v  and 
.  which  are  functions  of  the  velocity  t>',  and  as 
I  lie  latter  is  not  yet  known,  hut  must  on  the 
contrary  result  from  the  previous  knowledge  of  d,  I 
or  1),  the  proceeding  lure  will  be  by  successive 
approximations,  as  we  have  indicated  above,  in 
Sect.  vii. 


Sect.  IX.  Of  the  combined  proportions  to  be  given 
to  the  parts  of  an  emjine,  to  enable  it  to  fulfil 
divers  simultaneous  conditions. 

In  all  the  preceding  problems  \m:  have  supjMwed 
1 1  nit  all  the  dimensions  of  the  engine,  except  one,  are 
.i -Mimed  at  will,  and  that  this  one  dimension  is 
afterwards  determined  according  to  some  condition 
imposed  as  to  the  work  of  the  engine.  But  as  in 
the  general  problem  of  the  construction  of  an 
engine,  there  are  five  indeterminate  quantities, 
namely :  the  heating  surface,  or,  in  other  words, 
the  vaporization,  the  pressure  in  the  boiler,  the 
diameter  of  the  cylinder,  the  length  of  the  stroke  of 
llu-  pfotOn,  and  the  diameter  of  the  wheel,  it  is 
evident  that  five  simultaneous  conditions  may  be 
prescribed,  for  the  engine  to  fulfil,  and  that  on 
determining  each  of  the  said  dimensions  according 
to  those  conditions,  the  engine  will  lie  capable  of 
fulfilling  them  all  successively,  according  to  the 
circumstances  in  which  it  i«  placed 

The  Conditions  that   may  lie  prescribed)  to  deter- 
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mine  the  dimensions  of  the  divers  parts  of  the 
engine,  consist  in  fixing  the  different  effects  it 
ought  to  produce  under  certain  circumstances ;  and 

themselves  depend  on  three  quant 
that  may  he  assumed  at  will;  namely,  the  velocity  for 
any  given  load  whatever,  the  velocity  of  maximum 
useful  effect,  and  the    maximum    load,  or  load  of 
maximum  useful  effect. 

As  many  as  five  values  then  of  these  different 
quantities  may  he  assumed,  and  the  live  dimensi 
of  the  engine  may  be  determined  according  to  them; 
or  four  only  of  those  value--  may  he  assumed,  and 
four  of  the  dimensions  of  the  engine  determined 
from  them,  the  fifth  then  remaining  to  he  chosen 
arhitrarily;  or,  in  fine,  three  or  two,  or  even  one  only 
of  those  conditions  may  be  assumed,  and  the  same 
Bomber  of  dimensions  determined,  the  others  re- 
mainim,'  either  to  be  taken  arbitrarily  or  to  lie  de- 
termined from  considerations  of  a  different  nature. 

It  is  obvious  that  a  considerable  number  of 
problems  may  be  proposed  on  this  subject;  but 
they  Dover  present  any  difficulty.  It  will  suffice, 
in  effect,  to  recur  to  equations  (1  bis),  (4  bis),  ami 
and  to  express  that  they  exist  at  the  same 
time,  for  the  given  values  of  the  quantities  M.  v, 
M',  r '.  Then  will  Ik;  drawn  from  them,  by  eliniina- 
tbe  value  of  each  of  the  required  dimensions  of 

the  engine. 

We  will  not  undertake  to  solve  all  the  problems 
that  may  l>e  thus  proposed  .  but  loehow  the  manner 
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of  the  proceeding,  we  will  choOM  6M  or  two  among 
those  which  may  occur  most  frequently. 

Suppose  it  he  desired  to  huild  an  engine  capable 
of  drawing,  on  a  given  inclination,  a  certain  deter- 
mined maximum  loai  tnd,  at  the  same  time,  of 
acquiring  on  another  inclination,  a  certain  given 
velocity  r,  with  another  load  M  likewise  known. 

We  have  then  at  the  same  time  the  two  equations 
(4  his)  and  (I  bis),  or 


mho 


l+e' 


(>*»)[(*±»)M±P-  +  -^]*^y(J  ♦*♦/') 


These  may,  consequently,  he  used  to  determine,  for 
instance,  the  diameter  of  the  cylinder  from  the  first 
condition,  and  the  heating  surface  from  the  second. 
The  first  equation  therefore  must  be  resolved  with 
reference  to  d,  and  the  second  with  reference  to  S. 
This  is  what  we  have  already  done  in  the  Sections 
vim.  and  ii.,  having  obtained  the  equations  (17) 
and  (7),  namely: 


"-<,+8>7 P-,-„y     '   '• 


(JT) 


S . 4280iL%(1  * »),[(*+,)  M  ± srm +  ~> ♦  JL  .  _i_ . <"  (5  +„  +/.)-]  ... {y) 

Tlius,  introducing  into  equation  (17),  the  given 
value  for  M',  we  first  deduce  the  value  of  d,  as 
has    been   explained  Sect,   viu.;    and   then   sub- 
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stituting  that  value  in  the  equation  (7),  with  the 
given  quantities  v  and  M,  we  shall  couclutle  the 
vaporization  S,  winch  the  engine  ought  to  have  to 

ble  it  to  t'ultil  the  pmeeribed  condition. 

It  is  evident  that  the  problem  which  we  have  just 
loosed,  would  occur  on  a  railway  on  which  it 
were  desired,  1st,  to  establish  on  a  level  a  certain 
regular  velocity  c,  with  a  fixed  load  M  ;  and  2ndly, 
to  cnahle  the  engines  to  ascend  without  osMftflee, 
and  with  the  same  load,  a  known  acclivity  contai 
in  the  distance  to  be  traversed. 

Suppose,  for  instance,  it  were  desired  to  build  an 

ic    of  the    Weight    of  all  ml    8  tons,   eapablr    ui 
drawing,  at  the  velocity  of '25  miles  per  hour,  o 
a  level,   |   load   OOUOetillg  ot   10 
M  tons  gross,  tender  included,  and  to  ascend  with 
the  same  load  a  plane  inclined  -j-ii-     First,  in  ft 
lion    (7)   we  shall  make  M  =  5fi.  <j  =  0,  v  = 
then  in  equation   il7)  we  shall  make  M '  =  :">('' 
,j=»ft»=  Vl  17  lib-.,  and  we  shall  give  at   tfae 
same  time  to  v'  a  value  by  sup]>osition,  as  Hi  miles, 
for  instance,  wliich  b  afterwards  to  be  verified. 

Performing  the  calculation  then  with  these  dl 
and  moreover  taking  arbitrarily   the  stroke  of  the 
piston  at  16  inches,  or  /  =  I  33  foot,  the  diameter 
of  the  wheel   1)  —  5   bet,  and   the    |  in   the 

boiler  at  G5lbs.  per  square  inch,  or  l'=G5Xl44 
s*9860  lbs.  per  square  foot,  there  will  result 

tl  =    I  1    ilK  !. 

S  =  51  "18  cubic  feet  of  water  per  hour. 
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From  tlie  mode  of  calculation  and  the  equation 
employed,  it  is  clear  that  the  quantity  S  represents 
the  effective  vaporization,  at  tin-  velocity  of  96  miles 
per  hour.  Hence  therefore  will  he  concluded,  first, 
48-40  cubic  feet  for  the  effective  vaporization,  and 
66  eubic  fret  for  the  total  valorization,  at  the  velo- 
city of  20  miles  per  hour. 

This  determination  befog  effected,  it  must  be 
ascertained  whether  the  value  of  16  miles  per  hour, 
which  has  been  supposed  for  v,  does  in  effect  suit 
the  vaporization  found  ;  which  in  the  present  ex- 
ample it  does.  Should  it  be  perceived  that  the  first 
valuation  of  i'  has  been  made  too  high  or  too  low, 
the  calculation  must  he  repeated,  assuming  for  v  a 
more  proximate  value. 

Finally,  referring  to  what  has  been  said  in  Sect  ji. 
of  this  chapter,  we  shall  find  325  square  feet  for  the 
total  heating  surface  of  the  l>oilcr  corresponding  to 
the  vaporization  of  65  cubic  feet  of  water ;  and  it 
would  be  necessary  to  extend  that  surface  to  350 
square  feet,  were  there  any  apprehension  of  the 
engine  being  liable  to  lose  steam  permanently  by  the 
safety-valves. 

It  is  plain  that,  in  the  above  problem,  instead  of 
determining  the  diameter  of  the  cylinder  from  the 
first-prescribed  condition,  we  might  have  determined, 
either  the  pressure  in  the  boiler,  or  the  stroke  of  the 
piston,  or  the  diameter  of  the  wheel;  and  then, 
instead  of  employing  equation  (17),  recourse  would 
have  been  had  to  equations  (13),  (18),  or  (19).   The 
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calculation  then  would  have  remained  entirely  the 
me,  and   the  eolation  would  obviously  uot  have 
presented  more  difficulty. 

As  a  second  example,  we  will  suppose  it  be  re- 
quired to  construct  an  engine,  capable  of  droning, 
1st,  a  certain  given  load  M,  at  a  desired  vcloci' 
on  a  plane  of  known  inclination,  the  gravity  on  which 
shall  be  expressed  by  g,  ;  and  2ndly,  another  gi 
load  M,  at  a  velocity  likewise  known  r„  on  another 
inclined  plane  whereon  the  gravity  shall  have  the 
value  </,. 

Here  it  is  plain  that  the  equation  (1  bis)  or  (7), 
which  refers  to  the  effects  of  the  engine  with  inde- 
finite load  or  velocity,  will  subsist  if  we  introduce 
into  it  successively  M„  «„  and  g„  M„  t,  and  gt,  in 
place  qf  the  general  values  M,  p  and  g.  Conse- 
quently there  will  result,  for  the  solution  of  the 
problem,  the  two  conditional  equations 

By  means  then  of  these  two  equations,  any  two  of 
the  dimensions  of  the  engine  may  be  determined, 
and  the  other  three  assumed  arbitrarily.  We  ma 
for  instance,  previously  choose,  from  other  con- 
siderations, the  pressure  in  the  boiler,  the  diameter 
of  the  cylinder,  and  the  length  of  stroke  of  the  pis- 
ton, and  determine  the  diameter  of  the  wheel  and 
the  vaporization  from  the  two  conditions  imposed. 
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Then,  introducing  into  the  above  equations,  for  the 
gtVen  loads  and  velocities  and  the  dimensions  chosen, 
their  numerical  values,  those  equations  will  contain 
hut  two  unknown  quantities,  which  will  easily  be 
deduced  from  them  by  elimination. 

Thus  this  problem  would  be  as  easy  as  the  pre- 
ceding  one,  and  it  would  be  the  same  with  any  other 
combination  of  conditions  that  might  be  imposed  to 
determine  the  proportions  of  the  engine-  For  this 
reason  we  shall  dwell  no  longer  on  these  researches. 


Sect.   X.    Of  the  special  influence    of   each   of  the 
dimensions  of  the  engine  on  the  effects  firoduccd. 

It  remains,  in  fine,  as  a  general  conclusion  of  the 
preceding  researches,  to  specify  the  peculiar  in- 
fluence of  each  of  the  dimensions  of  the  engine  on 
the  effect*  which  are  to  be  exj>cctcd  from  it.  Tliis 
inquiry  will  serve  to  establish  fixed  notions  as  to 
the  dimensions  most  favourable  for  the  producing  of 
the  divers  effects  that  may  be  required  of  engines 
about  to  be  constructed. 

1st.  Examining  equation  (1  his),  namely, 


»— 


I  I  l  " 


it  will  easily  be  recognised  tliat  the  velocity  of  the 
engine  with  a  given  load  M,  will  be  by  so  much  the 
greater,  all  things  else  being  equal,  as  the  vaporiza- 
tion S  is  greater.     Moreover,  it  will  also  lie  recog- 
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niscd  that,  for  a  given  vaporization,  the  velocity  will 
be  by  so  much  the  greater  as  the  factor 


has  less  value.  It  is  in  consequence  to  l>e  con- 
cluded that,  in  order  to  augment  to  the  utmost 
the  velocity  of  an  engine  with  a  given  load,  we 
must  cither  employ  a  cylinder  of  the  smallest 
possible  diameter,  or  make  the  wheel  the  la 
possible  with  reference  to  the  stroke  of  the  piston. 

These  consequences  might  however  have  l»een 
seen  h  priori;  for  if  we  suppose  a  given  vaporization 
in  the  boiler,  it  is  clear  that  the  quantity  of  steam 
which  will  result  from  it  per  minute  cannot  issue 
forth  iu  the  same  time,  by  a  cylinder  of  less 
diameter,  except  on  the  condition  of  increasing 
its  velocity  during  its  efflux,  that  is,  of  increasing 
the  velocity  of  the  piston.  As  to  the  ratio  between 
the  length  of  the  stroke  of  the  piston  and  the 
diameter  of  the  wheel  of  the  engine,  as  it  is  known 
that  at  every  double  stroke  of  the  piston  the-  engine 
advances  one  turn  of  the  wheel,  it  is  readily  jht- 
il  that  the  larger  the  wheel  relatively  to  the 
stroke  of  the  piston,  the  greater  must  be  the  ve- 
locity of  the  engine  with  a  given  load.  This  latter 
circumstance  shows  also  that  in  order  to  increase 
the  velocity  of  an  engine,  it  is  not  absolutely  ncces- 
ti  augment  the  diameter  of  the  wheel ;  for  the 
same  end  will  be  attained  by  diminishing  the  stroke 
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of  the  piston.  Thus,  on  railways  of  small  width  of 
way,  and  on  which  in  consequence  it  would  not  he 
advisable  to  introduce  wheels  of  too  great  a  dia- 
meter, ■  considerable  velocity  may  be  attained  by 
proportionally  diminishing  the  stroke  of  the  piston  ; 
but  this  disposition  has  the  inconvenience  of  ren- 
dering the  velocity  of  the  piston  much  greater  for 
the  same  velocity  of  the  engine.  For  this  reason, 
when  more  velocity  is  desired,  the  better  way  is 
always  to  increase  the  vaporization ;  which  beyond 
certain  limits  requires  more  width  of  way. 

2nd.  Referring  to  equation  (2),  which  gives  the 
load  the  engine  is  capable  of  drawing  at  a  desired 
velocity,  namely : 

and  making,  in  order  to  simplify,  g  =  0,  that  is, 
supposing  the  train  to  be  drawn  upon  a  level,  it 
will  be  recognised  that  the  load  is  by  so  much  the 
greater  as  the  valorization  S  of  the  engine,  that  is 
the  heating  surface  of  the  boiler,  is  greater;  and 
that,  on  the  contrary,  it  is  diminished  by  the  values 
of  d,  I  and  D,  that  is,  by  the  dimensions  of  the 
cylinder,  the  stroke  of  the  piston,  and  the  wheel, 
which  are  proper  to  augment  the  velocity  Of  the 
engine. 

Thus  an  increase  of  the  heating  surface  of  the 
boiler  tends  to  augment  both  the  velocity  and  the 
load  of  the  engines,  but  a  change  in  the  diameter 
of  the  cylinder,  the  length  of  the  stroke  and  the 
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diameter  of  the  wheel,  is  favourable  to  the  velocity 

only  at  the  expense  of  the  load  ;  and  ii  it  be  desired 
that  the  engine  should  drew  a  considerable  load  at  a 
gfreo  velocity,  it  must  have  a  large  cylinder,  a  long 
stroke  of  the  piston,  and  a  wheel  of  small  diameter. 
This  circumstance  explains  itself  easily,  on  consider- 
ing lirst  that  the  greater  the  diameter  of  the  cylinder, 
the  greater  i*  the  effort  exerted  by  a  given  pressure 

ol  the  steam.    As  to  the  influence  of  the  propoi 

of  the  stroke  of  the  piston  to  the  diameter  of  the 
wheel,  it  evidently  results  from  this,  that  the  po 
of  the  steam  acts  at  the  extremity  of  the  radiu-  ni 
the  crank  of  the  axle,  which  is  equal  to  tin-  hull 
stroke  of  the  piston,  whereas  the  resistance  of  tin- 
load  acts  at  the  extremity  of  the  radius  of  the 
wheel ;  and  it  is  well  known  that  a  force  is  by  so 
much  the  greater  as  it  acts  on  a  greater  le 
whence  results  that  the  longer  the  stroke  of  the 
piston  with  reference  to  the  wheel,  the  mora  ad- 
vantage has  the  power  over  the  resistance. 

3rd.  Examining  the  value  of  the  useful   effect 
produced  by  the  engine  at  a  given  velocity,  nan 
from  equation  (3) : 


and  (Opposing,  in  order  to  simplify,  g  =  0,  we  find 
that  thk  oseral  effect  is  augmented,  precisely  by  the 

>es  as  the  load  of  the  engine;  so  that  it 
increases  with  the  vaporization  of  the  boiler,  but 
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the  contrary  is  diminished  by  the  dimi  h-khis  of  the 
cylinder,  the  stroke  of  the  piston,  and  the  wheel, 
which  tend  to  increase  the  velocity  of  the  motion. 

Tin-  divers  expressions  of  the  useful  effect  neces- 
sarily ofl'er  analogous  variations,  that  is  to  say,  the 
dimensions  which  tend  to  augment  the  load  will 
have  also  the  result  of  augmenting  the  effect  of  the 
engine,  in  horse-power,  the  useful  effect  produced 
per  pound  of  fuel  and  per  cubic  foot  of  water  va- 
porized, and  they  will  diminish  the  quantity  of  coke 
mid  water  necessary  to  produce  the  effect  of  one 
horse,  or  to  draw  a  ton  one  mile. 

4th.  If  we  now  seek  what  influence  the  propor- 
tions of  the  engine  will  have  on  its  divers  effects, 
the  engine  producing  at  the  same  time  its  maximum 
Useful  effect,  we  first  find  that,  since  the  velocity  of 
maximum  useful  effect  is  expressed  by  the  equation 
(4  bis),  OT 


i'  = 


1 
:V280 


D 


1 


/+c      n+yP 


it  is  clear  that  this  velocity  will  be  augmented  by 
the  vaporization  of  the  boiler,  as  well  as  by  those 
values  of  d,  I  and  D,  which  produce  a  similar  effect 
on  the  general  velocity  of  the  engine.  Moreover, 
it  is  recognised  also  that  the  greater  the  pressure  in 
the  boiler,  the  less  will  be  the  velocity  of  the  maxi- 
mum useful  effect  of  the  engine  ;  which  arises  from 
the  circumstance  that  the  steam  is  less  in  volume  as 
its  pressure  is  greater. 
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5th.  Equation  (5),  which  gives  the  maximum  load 
of  tin:  murine, 

"'=  <M^TD <P-<-'V'  "  4  {Si*-"*-) 

shows  that  the  maximum  load  of  the  engine  is 
totally  independent  of  the  vaporization  in  the 
boiler,  and  that  for  given  dimensions  of  the  eng 
it  increases  precisely  when  the  pressure  P  of  the 
steam  in  the  boiler  increases;  and  this  effect  i- 
owing  to  the  atmospheric  pressure  then  ncutrali 
a  fraction  by  so  much  the  less  of  the  effort  Applied 
by  the  engine.  As  for  the  rest,  the  maximum  load 
is  likewise,  as  in  the  general  case,  diminished  by  the 
dimensions  of  the  engine,  which  tend  to  increase 
the  velocity. 

6th.  Referring  to  the  general  conclusions  deduced 
from  the  examination  of  equation  (3),  which  * 
these,  that  all  the  dimensions  proper  to  diminish 
the  velocity  of  the  engine,  have  also  the  result  of 
augmenting  its  useful  effect,  it  will  be  recognised 
that,  since  the  case  of  maximum  useful  effect  is  but 
a  particular  case  of  the  general  one,  it  musi 
sarily  be  subject  to  the  general  conditions  already 
expressed.       Consequently    the    maximum    useful 
effect    of  the   engines    will    be    augmented    by   the 
same   causes   which    increase    the    maximum   load, 
that  is  to  Sty,  by  the  increase  of  the  pressun 
the  lwiler,  by  that  of  the  diameter  of  the  cylinder 
or  of  the  length  of  the  stroke  of  the  piston,  and 
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in  fine,  by  the  diminution  of  the  diameter  of  the 
vrhed. 

7th.  Lastly,  on  examining  equation  (7),  which 
gives  the  vaporization  of  the  engine,  necessary  to 
draw  a  given  load  at  a  desired  velocity,  namely  : 

S  =  5280'^,(l+l),  [(ilrtMl^  +  w'*^*  -i-.*^  ♦,♦/,)]. 

it  is  recognised  that  the  vaporization  increases  with 
the  factor 

dU 

1T; 

that  is  to  say,  it  is  so  much  the  greater  as  the 
diameter  of  the  cylinder  and  the  length  of  the 
stroke  are  greater,  and  that  it  is  on  the  contrary 
diminished  by  an  increased  diameter  of  the  wheels 
of  the  engine. 


Sect.  XI.  Of  the  comparative  effects  of  locomotive 
engines  upon  the  wide-gauge  and  narrow-gauge 
railways. 

We  have  just  seen  in  the  preceding  paragraphs, 
that  the  only  means  of  really  increasing  the  dl 
of  the  engines  consists  in  augmenting  their  vapor- 
ization, that  is,  the  heating  surface  of  their  boiler, 
because  this  modi:  produces  an  increase  of  velocity 
without  prejudice  to  the  load  of  which  the  engines 
arc  capable.  On  the  other  hand,  it  is  easy  to  con- 
ceive that  on  a  railway  of  given  width,  the  dimen- 
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of  the  engines  cannot  I  ented  inde- 

finitely.     It  is  necessary  then  to  examine  here 
the  width  of  way  may  limit  the  size  of  the  boilers, 
and  consequently  the  power  of  locoinoti 

Almost  all   llu-  railways  of  great  traffic  have  been 
hitherto  laid  down  of  the  width  of  4  feet  8|  inchest, 
which  dimension  was  founded  merely  on  i 
In    1 830,  when    the    Great    Western    Railv. 
made  to  form  the  communication  between  London 
and  Bristol,  Mr.  Brunei,  jun.,  made  the  road  7 
in   width.     The   question   is   now   to  examine   what 
advantages  may  result,  with  regard   to  the  velocity 
and  the  useful  effects  of  the  engine,  Iron)  this 
ing  of  the  road. 

It  has  been  Been  above  that  the  locomotive 

d  on  the  Liveqwjol  and    Manchester   Rail 
vaporize  on  an  average  65  cubic  foel  of  water  pet 
hour,   and    llu-    railway   is   4   feet    N.}    inches    v. 
On  the  Lmdon  and   Birmingham,  which  is  of  the 
same  Width,   there  are   locomotives  wliicli   VBDOdza 
as  much  as  100  cubic  feet  of  water  per  hour,  an 
would  Ik*  difficult    to   establish    engines    having   a 
greater  vaporizing  power  on  railways  of  this  din 
moii,  because   the    width    of  the    way    would    l 
hardly   admit   of  a  farther    augmentation    of  the 
dimensions  of  the  boiler.     On  railways  then  of 

this  width,  locomotives  of  f).'>  cubic  feet  of  vapor- 
ization may  1m-  considered  as  engines   of  med 
force,  and  engines  of   1 00  feet   of  va|Miri/ation,    as 
nesrtj  the  moot  powerful  that  it  is  possible  to  have. 
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On  the  Great  Western  Railway,  which  is  7  feet  in 
width,  the  engines  of  medium  force  vaporize  about 
120  cubic  feet  of  water  j>er  hour,  and  the  most 
|M>werful  in  use  vaporize  as  much  us  200  cubic 
feet ;  but  considering  the  interval  which  remains 
between  the  hoilcr  and  the  frame-work  of  the 
engine,  there  is  room  to  think  that,  on  this  line, 
engines  might  he  established  of  300  cubic  feet  of 
vaporization,  and  even  more,  without  very  consider- 
ably augmenting  the  weight  of  the  engine. 

If  then,  by  means  of  the  formulae  developed  in 
the  preceding  chapter,  we  seek  the  velocity  and 
effects  which  these  different  species  of  engines  are 
Capable  of  producing,  we  Khali  form  the  Table  that 
will  be  presented  a  little  further  on. 

To  perform  this  calculation,  we  proceed  as  was 
done  in  Article  III.  of  the  preceding  chapter,  in 
which  the  examples  reported  offer  precisely  the 
results  proper  to  the  engines  of  medium  force  em- 
ployed  on  the  two  widths  of  way  under  considera- 
tion. Thus  we  adopt  the  dimensions  of  the  engines 
and  the  pressure  of  the  steam  admitted  on  each  rail- 
way; we  take  the  presumed  friction  of  the  engines  at 
15  lbs.  per  ton  of  their  weight,  as  we  have  deduced 
Ml  our  own  researches  in  Chapter  VIII.  Simi- 
larly, from  what  experience  has  proved,  we  take 
the  consumption  of  fuel  per  cubic  foot  of  water 
vaporized,  at  9*2  tbs.  for  engines  of  65  cubic  feet 
of  vaporization,  at  8  lbs.  for  those  of  100  cubic 
and  in  fine,  at  88  lbs.  for  engines  of  120  cubic 
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feet,  200  cubic  feet  and  above,  though   it  woul 
appear  that  the  consumption  of  these  latter  eng 
ought  to  be  less,  because  the  size  of  the  boil, 
always  favourable  to  the  .saving  of  fuel.    To  take 
account  of  the  variation  of  vaporization  with    the 
velocity,  we  likewise  adopt,  according   to  exjR-ri- 
rnent,   the  valorizations  above   indicated  as  those 
which  refer  to  the  respective  velocities  of  20, 
25,  and  35  miles  per  hour,  for  the  different 
gines,  taking  them  in  the  order  in  which  we  ha' 
placed  them.    We  value  the  surface  of  the 
according  to  what  has  been  indicated  in  the  tw> 
examples  of  Article  III.  of  the  preceding  chapter; 
and  finally,  we  neglect,  for  all  the  engines,  the  loss 
of  steam  which  may  take  place  by  the  safety-valves, 
because  we  suppose  this  loss  corrected  in  all,  or  ut 
least  in  proportion  to  the  total  vaporization,  and 
that  the  divers  effects  produced  will  therefore,   l.y 
that  cause,  be  all  reduced  in  a  proportional  degree. 

To  establish  the  comparison  of  the  different 
gines  on  the  most  usual   load,   for    the 
ance  of  passengers,  we  shall  seek  the  velocity 
the  consumption  of  coke  of  each  engine  with  a  train 
of  50  tons  gross,  tender  not  included ;  and  in  the 
last  column  we  shall  add  the  maximum  velocity  thai 
the  engine  is  capable  of  acquiring,  drawing  its  tei 
alone  and  without  any  other  load. 
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Such  arc  then  the  effects  which  are  to  be  expected 
from  these  different  kinds  of  locomotive  engines  ; 
and  the  results  which  we  have  just  signalized  for  the 
engines  of  the  London  and  Birmingham,  and  Ci 
Western  Railways,  will  be  found  sufficiently  con- 
firmed by  the  experiments  made  in  1838,  on  those 
two  railways,  at  the  request  of  the  Directors  of  the 
Great  Western,  when  some  difficulty  arose  respecting 
the  width  of  way.1  Taking  the  mean  of  such  of  these 
experiments  as  were  made  on  trains  of  about  50  tons, 
having  regard  to  the  average  vaporization  effi* 
during  the  trip,  and  adding  an  experiment  recently 
published  by  the  Directors  themselves  of  the  ( 
Western  Railway,  in  which  an  engine,  similar  to 
that  of  No.  II.  of  the  preceding  Tahle,  drew  a  load 
of  43  tons  gross,  tender  not  included,  at  the  velocity 
of  38  miles  per  hour,  consuming  95  lb.  of  coke  per 
ton  per  mile,  it  will  be  recognised  that  the  results 
indicated  by  the  calculation,  for  the  locomotives 
Nos.  V.  and  VI.,  which  have  never  been  built,  by 
no  means  exceed  the  effects  which  may  be  expected 
from  those  engines.  As  to  the  possibility  of  at- 
taining  velocities  of  50  and  60  miles  per  hour,  with 
locomotives  of  sufficient  vaporizing  power,  we  i: 
it  completely  proved  by  an  experiment  of  our  own, 
made  on  the  3rd  August,  1839,  on  the  Great 
Western  Railway,  with  Mr.  Daniel  Gooch,  one  of 


1  Nicholas    Wood's    Report   to   the    Directors  of  tl»c    Great 
Western  lliulwuv. 


OF  TIIK   PROPORTIONS  OK  THF.  BNQINB8. 


42<> 


thfl  Company's  engineers.  In  this  experiment,  the 
engine  Evening  Star,  built  by  Mr.  Robert  Ste- 
phenson of  Newcastle,  drawing  only  the  tender 
loaded  with  eight  persons,  repeatedly  attained  the 
velocity  of  55-4  miles  per  hour  ;  and  if  the  feeding- 
pipes  of  the  boiler  had  not  been  too  small  for  that 
velocity,  an  arrangement  which  has  since  been 
altered,  there  is  no  doubt  that  we  should  easily  have 
maintained  that  velocity  throughout  the  trip,  and 
I'.rn  have  exceeded  it  ;  but  as  those  pipes  could 
not  supply  the  expenditure  of  the  boiler,  the  water 
in  the  latter  lowered  rapidly,  and  having  once  at- 
tained the  velocity  mentioned,  we  were  obliged  to 
close  the  regulator  and  let  the  engine  run,  without 
working,  to  give  time  for  the  boiler  to  fill  again. 
The  results  deduced  from  our  formula?  and  con- 
tained in  the  Table  presented  above,  appear  then 
to  us  to  be  completely  supported  by  the  facts. 

Thus  it  is  manifest  that  locomotive  engines  on 
wide-gauge  railways  can  draw  the  same  average 
load  of  50  tons,  or  about  200  passengers,  at  much 
greater  velocities  than  the  engines  on  narrow-gauge 
railways,  and  that  the  velocity  of  the  former  may 
even  amount  to  double  the  velocity  of  the  latter. 
Such  an  advantage  is  certainly  not  to  be  neglected, 
and  it  would  be  vain  to  object  that  the  present 
velocity  is  sufficient ;  for  that  argument  might  have 
been  urged,  either  some  years  ago  against  the  esta- 
blishment of  mail-coaches,  or  in  our  days  ;i:;nn-i 
any  establishment  Of  railways  whatever. 
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ft  will  Ik*  remarked,  in  the  preceding  result 
the  surplus  velocity  is  purchased  by  a  greater  ex- 
pense of  fuel.  This  surplus  of  expense  arise* 
undoubtedly  in  part  from  the  excessive  weight  of 
the  engine  and  its  tender,  which  together  amount 
to  about  30  tons,  instead  of  15,  which  is  the 
responding  weight  for  engines  on  narrow-g. 
railways  ;  so  that,  for  a  load  of  50  tons,  the  motive 
power  is  affected  with  a  weight  of  30  tons  in  the  one 
case,  and  with  a  weight  of  but  15  tons  in  the  other. 
But  that  effect  depends  also  especially  on  t! 
circumstance,  that  the  resistance  of  the  air,  the 
pressure  in  the  blast-pipe,  and  the  other  passive 
resistances,  consume  quantities  of  work  by  so  much 
the  greater  as  the  motion  is  performed  with  greater 
velocity.  It  is  then  an  inevitable  result  of  t: 
velocity,  whatever  may  be  the  width  of  way,  and  the 
engine  employed.  To  obtain  conviction  moreover 
that  the  inconvenience  of  the  greater  weigh!  od  Hm 
mover  may  l>e  counterbalanced  by  opposite  ad- 
vantages, it  suffices  to  compare  the  two  species 
of  engines  at  the  same  velocity.  Now,  calculating 
the  load  that  a  wide-gauge  locomotive  engine  of 
medium  force,  or  of  120  cubic  feet  of  vaporization, 
can  draw  at  a  velocity  of  about  25  miles  per  hour, 
we  find,  as  may  be  seen  in  the  example  calcul 
in  Article  111.  of  the  preceding  chapter,  that  that 
load  will  be  147  tons,  tender  included,  or  187 
tons  without  the  tender,  and  that  the  corresponding 
consumption   of  fuel   will   be  "301b.  of   coke   per 
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ton  |>cr  mils.  Comparing  then  tins  effect  to  that 
of  an  engine  of  medium  force  of  the  narrow-gauge, 
or  of  65  cubic  feet  of  vaporization,  we  have  the 
following  results : 


TAxlty.  In 

BOt.pa 

hour. 


UmA.  in  rv*r,  in 

•OMfraa,  tt*.  pw 

Under  not  ton  per 

Inrludsd.  BM 


Engine   of  65   cubic   feet  of 

vaporization,  narrow- i»augc  . .  25'10 50 '47 

Engine  of  120  cubic   feet  of 

vaporization,  wide-gauge  ....  2555 137 '30 

Consequently,  when  a  velocity  of  25  miles  per 
hour  is  considered  sufficient,  it  is  obvious  that  wide- 
gauge  locomotive  engines  have  the  advantage  of 
conveying  much  greater  loads,  and  consuming  less 
fuel  per  ton. 

We  arc  then  of  opinion,  that  in  countries  where 
as  yet  but  few  railways  are  made,  it  is  worth  con- 
sidering whether,  according  to  the  circumstances,  it 
will  not  be  advantageous  to  employ  a  greater  width 
of  way  than  that  in  general  use,  and  we  must  here 
add  that,  for  the  most  powerful  engines  of  the  above 
Table,  a  way  tij  English  feet  in  width  appears  to  In- 
sufficient. 


Sbct.  XII.  Practical  formula,  to  determine  the 
proportions  of  locomotive  engines,  according  to 
given  conditions. 

Before  terminating   this   ohapter,   we  will    here 

in  their  numerical  form,  all  the  formulae  which 

we  have  just  presented,  to  determine  the   propor- 
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(i3)...P  =  784°£_618 Total    or    absolute 

preuureofthciteun 
iu  the  boiler,  in 
pounds  per  equarc 
foot. 

(14)...rf>  =  784-?    i.—L- Square  of  the  di«. 

meter    of   the   cy- 


linder, in  feet. 


(15).../=  784-2.?,.  -— — Stroke  of  the  piston, 

in  feet. 


(16)...D--L.rf»/.|'(G18  +  P)    Ditmcter    of    the 

wheel,  in  feet. 

(17) . .. «T»-  (1+  J)  H. p    ,,..,      i,    l*'  •  •   Si""*  rf  the  dta" 

'  P-2118-^r  metcr   of   ,he    ^ 

Under,  in  feet 
{6±9)W±!m  +  u,"  +  -L- 

W-MI+^J. P.all,_y,i  •  SJ^"** 

(.9)..,D-** P-2"8-^'  ....  Dtnetar    of    the 

*      (6+f)iV±ffm  +  in''+  r—i  wheel,  in  feet. 
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tions  of  the  engines,  according  to  given  conditions. 
For  the  signification  of  the  signs  employed,  We  n  l> 
to  Article  111.  Chapter  XII.;  and  lor  the  UM  and 
complete  intelligence  of  the  formuhe,  we  refer  ti 
each  of  the  respective  sections  of  the  present 
;>ter. 


raACTtCAL  roHMULJl   TO    OKTKHMI.VK    TIIK    rftOrOHTHIKa  Or 

MOTIVB    IXGIMM,     HMMUn    TO    MODUS!    C1IVKN    UiaUl*. 

ToUl     >i|HiriratkMi 

of  Hie  both 

bie  fft    of    «»t« 

Si|iur«  irf  the    ill*. 

meter   of   the    ty. 
Under,  in  feci. 

»•••'->■  B^[fTi-5-«,**,*^-'-|?|]  

. .   S4rDk(ofUiei 
in  feel 

.     DttMitT      of       Ik* 

wheel,  in  fort. 

I       M'l 

111         s"  fE'Tri,'(W**p) Toiti    "F**"""" 

'M  oftbctNte.l, 

Me  fat  of 

l>eiUour. 

1        •P-f'-»>>rr>,[(»±r>M±p«i»-r".  JL]  .ttlB.jrV. 

ToUl     or     »Im 

DrCMUTtofllir-a 

in      llir      ll 
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(13)...P«784-?-.  i_618 Total    or    absolute 

pressure  of  the  ate  »m 
iii  die  boiler,  in 
pounds  per  square 
foot. 

(14)...<f»  =  784-?.  %.t-1 — Square  of  the  dia- 

'    *    C18  +  P  meter    of   the   cy- 


Under,  in  feet. 
*d*'tP"618  +  P 


(15).../-  784-5.?;. — I — Stroke  of  the  piston, 

in  feet. 


(16)...D--i-.rf>/.5  (618  +  P)    Diameter    of    the 

784  a 


wheel,  in  feet. 


(■±fVMrifBa+*r*l+f£* 


1  P-2118-js.  meter   of   the    cy. 

Under,  in  feet. 

(*±f)W±tM  +  **'t+T~- 

(I8).../-(l  +  81  — . ,   ,    l+g   ..  Stroke  of  the  piston, 

(19)...D-^. P-2"8-/"'  ....  Duuneter    of     the 

(6±y)M'±ym  +  iw''+  ,-^-r  wheel,   in  feet. 
1  +  8 
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OF  ADHESION. 


In  the  two  preceding  chapters,  we  have  given  Ike 
fornmhe  for  calculating  the  effects  or  the  propoiti 

of  the  engines ;  but  we  must  now  speak  of  another 
condition  without  which  the  effects  indicated  could 
not  be  produced.  This  condition  consists  in  the 
adhesion  of  the  wheels  to  the  rails  being  sufficient  to 
effect  the  motion  of  the  load. 

It  has  been  observed,  in  the  description  of  the 
ine,  that  the  effort  of  the  steam  being  applied  to 
the  wheel,  the  engine  is  precisely  in  the  case  of  a 
carriage  whieli  is  made  to  advance  by  pushing  at  the 
spokes.  Thus,  as  in  this  action  the  only  fulcrum  of 
the  mover  is  the  adhesion  of  the  wheel  to  the  rails, 
if  that  adhesion  were  insufficient,  the  force  of  the 
steam  would  indeed  make  the  wheels  turn ;  hut 
these,  sliding  on  the  rails  instead  of  adhering  to 
them,  would  turn  without  advancing,  and  the 
engine  would   remain   on    the  same  spot. 

The  heavier  the  train  to  be  drawn,  the  more  force 
the  engine  must  employ,  and  the  more  resistance 
it  must  consequently  meet  with  at  the  point  on 
which  it  strains  to  effect  the  motion.     It  might  then 
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he  feared  that  with  trains  of  considerable  weight,  the 
engines  would  l>e  unahle  to  advance  ;  not  that  force 
would  be  wanting  in  the  mover  itself,  but  in  the 
fulcrum  of  the  mow 

Tlie  experiments  presented  in  Chapter  XII.  esta- 
lli-h  the  measure  of  that  adhesion  in  the  tine 
weather  season.  In  all  these  experiments,  not  one 
■  ind  in  which  the  motion  was  stopped  or  even 
slackened  for  want  of  adhesion.  And  yet  we  find 
among  them  loads  amounting  to  above  300  tons. 

If,  for  instance,  we  refer  to  the  first  experiment 
made  with  the  Fcry  00  the  24th  July,  and  take 
account  of  the  gravity  in  ascending  the  plane  in- 
clined ^,,  we  shall  rind  that  the  engine  then  drew  a 
load  equivalent  to  30G  tons  on  a  level  Since  the 
ie  advanced  with  this  load,  it  follows  that  the 
adhesion  was  suflicicnt.  Now  the  weight  of  the 
Fury  is  8*20  tons,  and  that  weight  is  so  divided 
that  5"5  tons  l>car  on  the  hind-wheels,  which  are 
the  only  propelling  ones,  the  fore-wheels  not  serving 
at  all  to  urge  the  engine  forward,  but  merely  to 
support  it.  It  was  then  a  weight  of  5-5  tons  that 
drew  306  tons,  or  a  weight  55  times  as  con- 
siderable as  itself;  consequently,  an  engine  having 
tour  wheels  coupled,  and  thus  adhering  b\  il- 
wholc  weight,  may  draw  a  load  equal  to  55  thin 
own  mass. 

We  have  t-aid  that  the  engine  Fiiiy  adheres  but 
by  two  wfaaefe.  This  disposition  is  general  on  the 
Liveqwol  Railway  for  all  the  i tip  engines,  bed 


4M 


CHAPTER     XIV. 


tin-  adhesion  ol"  two  wheels  is  sufficient  for  the 
loads  tlu-y  have  to  draw.  As  to  tin;  engines  which 
serve  as  assistant  engines  on  the  inclined  plat 
they  work  with  the  adhesion  of  their  four  or  six 
wheels,  as  lias  been  said  elsewhere.  The  engine 
Atc.as  is  the  only  one  employed  for  the  trips,  which 
differs  from  the  others  in  this  respect.  This  engine 
has  six  wheels,  four  of  which,  of  equal  size,  are  set  in 
motion  by  the  piston.  The  other  two,  smaller 
without  flange,  may  be  raised  out  of  contact  with 
the  rails  by  the  action  of  the  steam  on  a  moveable 
piston.  This  disposition,  which  prevents  these 
latter  wheels  from  being  inconvenient  in  turning,  is 
due  to  Mr.  John  Melling,  sen.,  of  Liverpool. 

To  Mr.  Melling  also  is  due  another  very  ingenious 
arrangement,  by  means  of  which  an  engine  maj 
made  to  adhere  by  all  its  wheels,  notwithstanding 
the  difference  of  their  diameters.  It  consists  of  a 
pulley,  which  is  let  down  at  pleasure  between  the 
two  pairs  of  contiguous  wheels,  and  which  connects 
them  so  that  one  cannot  turn  without  necessarily 
drawing  the  other  with  it.  By  means  of  this  ap- 
paratus, engines  may  have  their  wheels  unequal, 
which  is  very  advantageous  to  the  good  arrangement 
of  the  machinery,  and  all  their  wheels  need  be  put 
in  communication  only  at  the  moment  when  that 
becomes  necessary,  which  is  done  without  stopping 
the  engine. 

We  have  just  expressed  the  adhesion,  by  giving 
the  measure  of  its  effects  •  but  that  force  itself  may 
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be  expressed  in  a  direct  maimer.  The  load  of  306 
tons  produced  a  resistance,  or  required  a  traction  of 
1 836  lbs. ;  the  adhesion  was  then  equal  to  at  least 
18.'W>tbs.,  otherwise  the  wheel  would  have  turned 
without  going  forward.  Now  the  adhering  weight 
was  5'5  tons,  or,  expressed  in  tfos. ,  was  12,320 lbs.; 
it  is  plain  then  that  the  adhesive  force  was  equal  to 
about  \  of  the  adhering  weight.  Considering  that 
every  6  lbs.  of  force  corresponds  to  the  traction  of 
1  ton  on  a  level,  this  expression  amounts  to  the 
same  as  the  first. 

In  winter,  when  the  mils  are  greasy  and  dirty  by 
the  effect  of  wet  weather,  the  adhesion  diminishes 
considerably.  However,  unless  in  very  extraor- 
dinary circumstances,  the  engines  are  always  ca- 
pable of  drawing  a  load  of  15  waggons  or  75  tons, 
tender  included,  that  is,  14  times  their  adhering 
might ;  or,  in  other  words,  as  the  resistance  of  75 
tons  is  450  lbs.,  the  adhesive  force  is  always  at  least 
a\  of  the  adhering  weight. 

Adhesion  being  indispensable  to  the  creation  of 
the  progressive  motion,  two  conditions  are  requisite 
tor  an  engine  to  be  capable  of  drawing  a  given  load  : 
1st,  the  dimensions  and  proportions  of  the  engine 
and  its  boiler  must  enable  it  to  produce,  by  means 
of  the  steam,  the  necessary  pressure  on  the  piston, 
which  constitutes  the  force  applied  by  the  engine ; 
and  2nd,  the  weight  of  the  engine  must  be  such  as 
to  cause  a  sufficient  adhesion  to  the  rails.  These 
two  conditions  of  facet  ROd  weight  should  accord 
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together;  for,  were  there  a  great  force  of  strain  ami 
a  .slight  :ullus-ii>ii,  the  latter  would  limit  the 
the  i  and  steam   would   be  lost ;    and 

there  too  much  adhesive  might  fcr  t lit-   power  of 
the  engine,  that  weight  would,  during  the 
become  a  useless  burden,  since  the  limit  of  the 
would    then    be    marked    by    the   pressure    of  the 
tin. 

It  is  necessary  therefore,  after  having  determined 
the  dimensions  of  the  engines  from  the  condition** 
which  they  are  to  fulfil,  as  has  been  done  in  the 
|ni reding  chapter,  to  seek  what  ought  to  In:  thru 
lit  so  as  to  enable  them  to  draw  the  greatest  load 
iiiicndcd  to  U-  imjxjsed  on  them  during  their  work, 
'lite  enormous  weight  now  given  to  loco 
engines,  generally  causes  this  condition  to  be  I 
til  In  I  of  itself.  Six-wheel  engines  however  require, 
in   tli  peot,    more   attention   than    four-wl 

engii  me  it  often  happens,  on  an  uoe 

railway,  that  a  six-whirl  BOgUM  is  wholly  supported 
on    its    tour   extreme    wheels,  whereas  the   middle 
which  are   the  propelling  wheels,    being  a< 
"\     -iluated   immediate!  pari   of 

the  i  icaroal]    touch   the   rail,    and  th 

<    hut  a  slight  adhesion. 
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OF  THE    REGULATOR. 


Of  the  effects  of  the  regulator  on 
velocity  of  the  engine. 

It  lias  bMO  said,  in  the  description  of  the  different 
parts  of  the  engine,  that  the  pipe  which  hrings  the 
steam  from  the  boiler  to  the  cylinders  may  be 
closed,  either  entirely,  or  in  part,  by  means  of  a 
cock  or  regulator,  and  that  the  velocity  of  the 
engine  is  regulated  by  this  means.  It  becomes 
necessary  then  to  consider  how  this  effect  is  pro- 
duced, and  how  the  formula*  which  we  have  given 
may  keep  account  of  it. 

It  is  an  opinion  generally  received,  that  by 
opening  or  shutting  the  regulator  more  or  less,  the 
sure  of  the  steam  in  the  cylinder  is  augmented 
or  diminished.  But  we  have  proved  that  the  pres- 
sure in  the  cylinder  is  always  Strictly  determined. 
h  priori,  by  the  resistance  of  the  load  against  the 
piston.     So  long  tl  as   the   load  shall  not 

vary,  the  pressure  in  the  cylinder  will  not  vary,  and 
consequently  the  greater  or  less  opening  of  the 
regulator  can  make  no  difference  in   it      Besi 
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mulil  the  contraction  of  a  passage  change  the 
pressure  of  u  gas  or  s-  .suing    throu 

sagef     It   may   indeed  change  its  q\  be- 

cause  the  smallness  of  the  aperture  prevents  n 
than  a  certain  volume  from  passing  in  s  gives  time  . 
but  unquestionably  it  can  Dover  change  the  press 
lor  it  will  always  happen  that  as  soon  as  the 

0g  got  through  the  passage,  shall  arrive  ifl    the 
i  '.  under,  and  shall  there  acquire  the  pressure  of  the 

resistance,  the  piston  will  recede  without  allowing  it 
to  assume  a  higher  pressure.  And  if  it  be  supposed 
that  by  enlarging  the  passage,  the  steam  may  be 

made  to  come  ten  or  twenty  times  quicker,  the 
piston  will  recede  ten  times  or  twenty  times  qua 
also,  since  its  motion  is  the  result 
ill  steam;  but  the  pressure  in  the  cylinder  can 
never  exceed  the  resistance  of  the  piston,  because 
tin  piston  being  nothing  more  nor  less  than  a  valve 
to  the  cylinder,  it  would  he  supposing  a  boiler  in 
which  the  pressure  of  the  steam  should  be  greater 
than  that  of  the  safety-valve. 

Thus    the    narrowing    of    the    regulator    cannot 
dimini.-h  the  pressure  of  the  steam  in  the  cylinder. 

Moreover,  a  diminution  of  pressure  in  the  cylinder 

Would  not  account  lor  the  diminution  ol  v  of 

lie.   which   is  observed  when    the  0 

is  partially  closed  i  except  indeed  the  motion  should 
Ik-  Attributed)  as  it  has  been  by  some,  to  an  excesa 
of  the  pressure  ol  the  steam  in  the  cylinder  al 

resistance    of    ||  n         But    this    opil 
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M  lie  altogether  on  error ;  for  il'  Buoh  exi 
I'd,  the  motion  of  the  engine  would  not  be 
uniform,  but  indefinitely  accelerated.  On  the  con- 
trary, the  pressure  of  the  steam  is  equal  to  the 
resistance  of  the  piston,  and  the  motion  is  owing  to 
the  velocity  with  which  the  steam  arrives,  at  that 
pressure.  Hence,  the  above-mentioned  suppositions 
arc  inadmissible.  But  the  effects  of  the  regulator 
are  easily  accounted  for  in  another  manner. 

The  quantity  of  steam  of  a  given  density,  which 
issues  forth  through  a  determined  orifice,  being  in 
the  ratio  of  the  area  of  that  orifice,  it  follows  that  if 
we  lessen  the  orifice  of  the  regulator,  wc  shall 
by  diminish  the  quantity  of  steam,  at  the 
pressure  of  the  boiler,  which  can  issue  by  the  orifice 
of  the  regulator  to  pass  into  the  cylinders.  If  how- 
ever the  tire  be  kept  up  at  the  same  degree  of 
intensity,  it  will  continue  to  produce  the  same 
quantity  of  steam  jrt  minute.  This  steam,  which 
can  no  longer  flow  in  totality  towards  the  cylinder, 
will  therefore  accumulate  in  the  boiler,  and  there 
rise  to  a  still  greater  and  greater  density  and  elastic 
force,  till  at  last  it  be  able  to  find  some  outlet. 

Now  the  steam  has  two  outlets  whereby  to  escape 
from  the  boiler,  namely :  the  passage  of  the  regu- 
lator, which,  notwithstanding  its  contraction,  would 
admit  of  the  total  efflux  of  the  steam,  as  it  is  gene- 
rated, if  that  steam  acquired  a  sufficient  degree  of 
density,  or,  in  other  words,  a  volume  sufficiently 
small  for  that  effect ;  and   the  safety-valve,  which 
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wouM  equally  admit  of  its  escaj>c,  were  th 
to  aoqnin  ■  pressure  sufficient  to  raise 
T»0  OBSn  then  will  occur,  according  its  Hi 
continuing  to  accumulate  in  the  boiler,  shall  acqi 
more  promptly  either  t lie  pressure  which  admits  of 
its  issue  by  the  .safety-valve,  or  the  density  whisk 

enables  it  to  How  out  cntiralj  in  die  ngtdatoi 

1st.   It  the  regulator  is  much  contracted,  and  it 

the  safety-valve  of  the  Ixnlcr,  on  the  contrary,  is 

fixed  at  a  moderate  pressure,  the  steam  retained  in 
the  boiler  will  soon  attain  the  degree  necessar. 
raise  the  safety-valve.  The  vulve  then  will  he  Open, 
and  all  the  surplus  steam  generated  in  the  boiler, 
beyond  what  can  issue  by  the  regulator,  will  escape 
into  the  atmosphere;  and  this  effect  will  continue 
so  long  as  nothing  shall  he  changed  in  the  engi 
because  there  will  still  be  the  same  necessity  t--i 
ths steam  in  effect  its  efflux  m  it  is  generated,  and 
because  the  resistance  of  the  obstacles  which  it  has 
to  overcome  will  remain  still  the  same 

Thue,  the  effect  ol  the  contraction  of  the  regulator 
will  be,  to  cause  a  portion  more  or  less  of  the  st 
produced  by  the  boiler  to  be  lost  in  the  atmosphere  ; 
and  as  the  effects  of  the  engine  are  attributable  only 
to  the  r  .aporization,  that  is  to  say,  to 

paction  of  the  total  steam  which   really  penetrates 
into  the  cylinders,  it  follows  that  the  velocity  of  the 
iic  will  be  reduced   precisely   in  proportion   to 
tlic  quantity  of  steam  lost.      Hence,  the  eflcci 

ruction  of  the  regulator  will  lie  to  reduce 


OF    THE    RBGULATOfl. 


443 


the  velocity  <>i'  the  engine  immediately.  Then,  alter 
the  first  lew  moments  of  the  contraction  of  the  re- 
gulator, the  engineer  seeing  a  considerable  quantity 
of  steam  running  to  waste  by  the  safety-valve,  will 
naturally  cease  to  keep  up  his  fire  with  the  same 
activity.  The  vaporization  produced  in  the  boiler 
will  be  diminished  in  consequence ;  and  by  con- 
tinual reduction  of  the  fire  there  will  at  last  be  no 
more  steam  generated  than  may  effectively  pene- 
trate into  the  cylinders.  From  Ibis  moment  I 
the  blowing  of  the  safety-valve  will  cease,  and  the 
velocity  of  the  engine  will  continue  as  it  was  regu- 
lated at  first  by  the  contraction  of  the  regulator. 

Consequently  it  is  manifest  that  the  regulator 
diminishes  the  velocity  of  the  engine,  by  imme- 
diately reducing  the  effective  vaporization,  and  ul- 
teriorly the  total  vaporization  of  the  boiler;  and  it 
is  also  manifest  that  its  effect  is  not  to  diminish  the 
pressure  in  the  cylinder,  but  to  augment  the  pres- 
sure in  the  boiler. 

2nd.  We  have  just  supposed  the  case  wherein  the 
regulator  is  sufficiently  contracted  to  make  the 
safety-valve  blow,  and  have  seen  what  effects  will 
result  therefrom.  Hut  another  case  may  occur, 
namely :  that  in  which  the  regulator  should  also  be 
contracted,  but  yet  not  sufficiently  so  to  make  the 
safety-valve  blow  ;  that  is  to  say,  the  case  wherein 
tin  steam,  accumulating  in  the  boiler,  should  attain 
the  density  which  permits  its  total  ctllux  by  the 
regulator,  before  it  attain!-  the  pressure  necessary 
to  raise  the  salcty-valve.     Then,    since    the    valve 
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does  not  blow,  and  no  portion  of  the  steam  pro- 
duced is  lost,  it  is  clear  that  all  the  Steam  will  pan 
into  tin  i  \  Under  and  act  there  as  before.  Hence  the 
velocity  oi  the  engine  will  in  nowise  be  chang 
for  that  velocity  cannot  be  augmented  nor  dimin- 
ished except  by  an  increase  or  a  reduction  of  the 
effective  vaporization  of  the  engine,  and  this  cir- 
cumstance does  not  occur  in  the  case  supposed. 

Notwithstanding,  therefore,  the  contraction  of  the 
regulator,  the  velocity  of  t  lie  engine  will  remain  the 
same,  and  there  will  result,  as  in  the  preceding  case, 
only  an  increase  of  pressure  in  the  boiler. 

From  these  considerations,  we  see  that  the  una 
and  immediate  effect  of  the  contraction  of  the  regu- 
lator is  to  augment  the  pressure  of  the  steam  in  the 
boiler ;  and  that  if  the  increase  of  pressure  is  such 
as  to  cause  a  loss  of  steam  by  the  safety-valve,  the 
velocity  of  the  engine  will  be  reduced  precise! 
the  same  proportion,  but  that  if  DO  such  loss  t 
place,  the  velocity  undergoes  no  reduction. 

Now,  in  the  formula-  which  we  have  given  to 
calculate  the  velocity  of  the  engines,  the  quantity  S 
represents  the  effective  vaporization  of  the  eng 
thai  is  to  say,  the  quantity  of  water  which,  being 
converted  to  steam,  really  penetrates  into  the  cylin- 
ders and  acts  upon  the  piston.  If,  notwitliHtanding 
the  contraction  ol  the  regulator,  there  is  no  lose  of 
steam  by  the  safety-valve,  the  effective  vaporization 
of  the  engine  will  not  be  changed,  that  is,   the 

quantity  S  vrill  remain  the  same,  and  conseqw 

aofct  will  -till  continue  to  give  the  same 
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result  lor  the  velocity  of  the  engine.  On  the  oilier 
hand,  if  a  loss  of  steam  takes  place  by  the  safety- 
valve,  that  loss  must  obviously  be  subtracted  from 
the  total  vaporization  of  the  boiler,  in  order  to 
deduce  from  it  the  effective  vaporization,  or  the 
quantity  which  ought  to  be  substituted  for  S  in  the 
equations,  and  then  the  result  of  those  formula:  will 
be  reduced  in  a  proportionate  quantity.  In  either 
case,  therefore,  the  formula-  which  we  have  given 
will  always  continue  to  make  known  the  true  effects 
produced  by  the  engine.  All  they  require  is,  that 
account  be  taken  of  the  loss  by  the  valves,  when 
that  loss  occurs,  and  we  have  already  shown  in 
Chapter  X.  how  it  may  be  estimated. 

These  considerations  will  be  found  confirmed  by 
the  experiments  presented  in  Chapter  XII.  It  will 
there  be  observed  that  the  formula?  give  results 
quite  as  exact  for  the  case  wherein  the  regulator  was 
partially  closed,  as  for  the  case  in  which  it  was 
entirely  open.  And  the  reason  is  this,  that  when 
the  partial  close  of  the  regulator  was  attended  with 
a  loss  by  the  valve,  we  took  account  of  it  in  the 
value  of  the  effective  vaporization  S,  by  taking  that 
value  equal  to  the  total  vaporization  of  the  engine, 
diminished  by  the  loss  at  the  valves. 

Sect.  II.    Dimensions  of  the  steatn-passayes  in  some 
locomotive  engines. 

We  will  close  this  chapter  by  giving  the  diameter 
of  the  steam- pi  |>es  in  the  engines  which  we  sub- 
mitted to  experiment,  and   in   some   others    whose 
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(linicrtsions  have  been  given  at  the  beginning  of 
work.      Tin-  pipes  here  considered  are  thOM   which 
lead  separately  from  the  boiler  to  each   slide- 1 
Those  which  afterwards  lead  from  that  bo- 
cylinders,  are  of  a  corresponding  surface,  though 
different  shape.     For  instance,  when  they  form 
continuation  of  a  tube  3  inches  iti  diameter,  tlieyare 
made  7  inches  long  by  1  inch  wide,  which  pre^. 
the  same  surface  for  the  pMMgB  of  tin:  steam. 

It  will  be  remarked  that  the  steam-passages  ore 
much  wider  in  locomotive  engines  than  in  stationary 
UMBO  engines,  since  in  these  the  area  of  the  st> 
passage  is  but  A  of  the  area  of  the  cylinder,  while 
in  locomotive  engines  the  proportion  between  the 
same  parts  is  in  general  f\. 

Ht  rum-pipes  in  some  of  I  he  locomotive  engines  of  the  Ijiver- 
pool  and  Manchester  Railway. 
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CHAPTER   XVI 


OP  THE  LEAD  OK  THE  SLIDE. 

Sect.   I.    Of  the  nature  and  effects  of  the  Uad  of  the 

slide. 

We  have  said,  in  describing  the  different  parte  of 
the  engine,  that  it  is  the  slide  which  successively 
opens  and  shuts  the  steam-ports  above  and  below 
the  jiiston,  so  as  to  apply  the  effort  of  the  steam 
alternately  on  each  side.  Were  the  engine  regulated 
as  it  might  seem  natural  to  regulate  it,  the  slide 
would  keep  the  steam-port  open  till  the  piston 
arrived  at  the  bottom  of  the  cylinder.  At  litis 
moment  it  would  change :  the  first  passage  would 
be  closed,  and  the  opposite  ODfi  opened.  Then  the 
motion  of  the  slide  would  exactly  accompany  that  of 
the  piston,  that  is  to  say,  their  alternations  would  be 
Strictly  simultaneous. 

But  the  thing  is  not  so  ordered.  At  the  moment 
wlun  the  piston  is  about  to  terminate  its  stroke,  it 
is  needless  and  even  detrimental  to  the  engine  to 
apply  any  new  impulsion  on  it,  since  it  is  then  at 
the  moment  of  stopping,  to  perform  its  retrograde 
stroke.     Besides,  it  is  proper  to  allow  the  steam, 
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which  now  fills  the  cylinder,  time  to  escape  asiuur 
as  possible,  before  the  piston  is  brought  b 
contrary  direction,  since  it    would  otherwise    I 
tribute  to  form  an  obstacle,  on  account  of  the  NB 
ncss  of  the  orifice  of  the  blast-pipe;  and   finally, 
rather  than  let  the  piston  strike  against  ti 
the    cylinder,    or    exert    at    least    an    effort    in    tl 
direction  against  the  crank  of  the  axle,  it  is  prefi 

able  to  present  to  it  an  elastic  body  which 
dan  its  shock.      With  this   threefold   pu 
then,   the   motion  of  the  slide  is   regulated 
sort,  that  successively,  and  before  the  piston 
the  end  of  the  cylinder,  the  three  following  opera- 
tions are  performed:    1st.  the  communication    is 

rcepted  In-tween  the  boiler  and  the  sU 
through  which  the  steam  is  actually  coming,  whirh 
suspends  all  addition  to  the  motive  force  ;  2<llv,  the 
municution  of  the  same  port  with  the  wi 
n-port  is  opened,  which  permits  the  escape 
the  steam  by  anticipation,  while  it  still  continu 
its  action ;  3rdly,  the  communication  between 
the  boiler  and  the  steam-port  which  conducts  the 
steam  upon  the  piston,  in  a  contrary  way  to  it* 
motion,  is  opened ;  which  deadens  the  shock  of  the 
piston,  relieves  the  joint--  of  the  machinery,  and 
enables  the  steam  to  act  with  full  force  on  tin- 
piston ,  its  soon  as  the  latter  begins  its  retrograde 
stroke.  These  three  successive  operations,  as 
have  said,  are  performed  before  the  piston  reach 
the  bottom  Of  the  cylinder,  and,  by  means  of  d 
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disposition*,  they  may  be  so  regulated  as  to  take 
place  on  points  more  or  less  anterior  to  the  end  of 
the  stroke.  .. 

When  the  engine  is  regulated  as  we  have  just 
explained,  it  is  visible  that  at  the  moment  when  the 
piston  terminates  its  stroke  to  begin  another,  the 
slide  has  already,  tor  a  certain  space  of  time,  been 
intercepting  the  coming  of  the  steam  in  favour  of 
the  motion,  and  has  even  already  admitted  it  in  the 
contrary  direction  during  another  interval  of  time 
less  than  the  former ;  or,  in  other  words,  the  slide 
has  already  traversed  a  certain  space  in  the  di- 
rection of  its  stroke,  from  the  moment  when  it 
closed  the  first  passage,  and  another  space  leas  than 
the  former,  from  the  moment  when  it  opened  the 
contrary  passage.  It  is  this  anticipation  of  the 
motion  of  the  slide  upon  that  of  the  piston  which  is 
called  the  lead  of  the  slide,  because  it  indicates  by 
how  much  the  motion  of  the  slide  precedes  that  of 
the  piston;  but  it  is  conceivable,  from  what  has 
been  Bold,  that  a  distillation  is  to  be  made  between 
the  lead  of  the  slide  for  the  suppression  of  the  steam, 
and  the  lead  of  tin  slide  for  the  admission  of  the 
steam,  though  the  latter  is  more  particularly  under- 
stood  when  it  is  simply  said  the  lead  of  the  slide. 
These  two  sorts  of  lead  are  sometimes  distinguished 
by  saying  the  lead  on  the  ezhtnoting  side  and  the 
lead  OH  the  boiler  side,  hut  the  former  mode  appears 
to  us  to  be  more  exact. 

When  the  slide  valve  is  single,  that  B  to  say,  con- 
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sisthig  of  a  single  box,  like  that  of  fig.  26  (PL  IV. 
the  difference  between  the  two  leads  is  equal 
twice  the  overlap  of  the  slide.     In  effect,  on 
ainining  tliat  figure,  which  represents  the  slide  at  t 
moment  when  it  changes  the  passages  of  the  •) 
and  supposing  its  motion  to  have  been  in  the  d 
tion  of  the  arrow,  it  will  be  recognised  that  as 
as  the  slide  arrives  at  the  position  «,  the  coming 
the  steam   is   intercepted   in  the  left-hand   p 

hut  that  the  right-hand  passage  does  not  begin  t 

open  till  the  slide  attains  the  position  c.     If  then  w 
suppose  the  passage   still    more   opened,    and    th 
slide  arrived  at  the  position  d  at  the  same  time  that 
the  piston  reaches  the  bottom  of  the  cylinder,  it 
plain  that  the  quantity  c  d  by  which  the  passage 
then  open,  will  be  what  we  call  the  lead  of  the  slide 
for  the  admission  of  the  steam  ;  but  that  the  oppo- 
site passage  will  have  been  shut,  and  consequent] 
the  motive  force,  in  the  direction  of  the  motion 
will  have  been  intercepted  from  the  point  a,  that 
to  say,  the  lead  for  the  suppression  of  the  steam  wil 
necessarily  be  equal  to  the  lead  of  admission  aug- 
mented by  twice  the  overlap  of  the  slide.     When 
the  slide  is  double,  or  composed  of  two  boxes  which 
may  be  set  further  apart  or  nearer  to  each  other  at 
pleasure  by  means  of  an  adjusting  screw,  each  lead 
may  be  regulated  separately  at  the  point  which  may 
be  judged  suitable,  and  this  is  an  advantage,  but  the 
slide  is  more  liable  to  get  out  of  order. 

As  the  disposition  of  the  slide,  which  has  just 
been  described,  has  the  result   of  suppressing  the 
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motive  liner.  ;.t  a  certain  point  of  tin-  stroke  of  the 
piston,  to  introduce  it  afterwards  in  the  contrary 
direction,  it  is  evident  that  its  effect  on  the  engine 
cannot  be  calculated  till  after  an  exact  determination 
nf  that  point  of  the  cylinder,  at  which  the  piston  is 
at  the  moment  when  the  close  and  the  opening  of 
the  k  Elective  passages  take  place.  This  is  there- 
fore the  first  inquiry  that  will  occupy  our  attention. 
With  this  view,  we  return  to  the  single  slide 
valve  represented  in  figs.  10  and  2G.  On  ex- 
amining these  two  figures,  it  will  be  perceived  that 
if  the  radius  of  the  eccentric  were  strictly  at  right 
tea  with  the  radius  of  the  crank,  it  would  then 
so  happen  that  the  slide  would  he  in  its  middle 
position,  indicated  by  the  figure,  precisely  at  the 
moment  when  the  piston  should  arrive  at  the  end 
of  its  stroke.  In  this  case,  the  suppression  of  the 
steam  in  favour  of  the  motion  would  take  place,  be- 
fore this  point,  by  a  distance  equal  to  the  overlap 
of  i he  slide  on  the  two  ports  ;  and  the  admission  of 
the  steam  by  the  opposite  passage  would  take  place, 
after  that  same  point,  by  a  distance  equal  to  the 
same  overlap.  Hut  if  it  be  wished  to  give  the 
engine  a  certain  lead  of  the  slide  for  the  admission 
of  the  steam,  the  passage  of  the  steam  opposed  to 
the  present  motion  of  the  piston  must  be  already 
open  a  certain  quantity,  at  the  moment  when  the 
piston  terminates  its  stroke.  To  this  end,  therefore, 
the  radius  of  the  eccentric  must  incline  forward, 
from  the  perpendicular  to  the  radius  of  the  crank, 
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in  an  angle  corresponding  to  the  lead  in  quest  inn 
augmented  by  the  overlap  of  the  slide.  In  effect,  if 
it  be  thus,  we  see  that  when  the  radius  of  the  crank 
coincides  with  the  horizontal  line,  that  is  to 
when  the  piston  is  at  the  end  of  its  stroke,  the 
radius  of  the  eccentric  has  passed  the  vertical  b)  1 
quantity  corresponding  to  the  lead  of  admission  plus 
the  overlap  ;  that  is  to  say,  the  slide  has  passed  its 
middle  position,  just  the  quantity  necessary  to  open 
the  steam-port  the  quantity  indicated  by  the  lead. 

This  premised,  suppose  b  D'  (tig.  27)  to  represent 
the  radius  of  the  crank,  and  bb'  the  radius  of  the 
eccentric.  When  the  radius  of  the  eccentric  co- 
incides with  the  vertical,  the  slide  is  in  its  middle 
position  and  all  the  passages  are  closed.  After  it 
has  passed  this  point  a  quantity  equal  to  the  over- 
lap, the  passage  of  the  steam  opposed  to  the  motion 
of  the  piston  will  begin  to  open,  and  when  the  radius 
of  the  eccentric  shall  have  reached  bit,  the  slide  will 
open  that  passage  the  quantity  indicated  by  the 
lead.  But  since  the  eccentric  and  the  crank  turn 
in  one  piece  with  the  axle  of  the  engine,  it  follows 
that  their  radii  describe  equal  angle*  in  the  same 
time.  Hence,  while  the  radius  of  the  eccentric 
describes  the  angle  b'btt,  the  radius  of  the  crank 
describes  an  angle  DTiB  equal  to  the  former.  On 
the  other  hand,  while  the  eccentric  describes  the 
angle  b'bd',  the  slide,  which  moves  horizontally, 
traverses  the  space  bd,  which  is  equal  to  ifp  ;  that 
is  to  Bay,  it  traverses  the  sine  of  the  angle  b'bd',  in 
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a  circle  whose  radius  is  equal  to  that  ot"  the  eccen- 
tric. Similarly,  while  the  crank  describes  the  angle 
1)7*  B,  the  piston  traverses  the  space  DB,  that  is, 
the  versed  sine  of  the  angle  described,  in  a  circle 
whose  radius  is  equal  to  that  of  the  crank. 

Finally  therefore,  while  the  slide,  departing  from 
its  middle  position,  performs  the  sines  of  the  angles, 
in  the  circle  of  the  eccentric,  the  piston,  to  finish  its 
stroke,  jierforms  the  versed  sines  of  the  same  angles, 
in  the  circle  of  the  crank.  Consequently  it  will 
be  easy  to  find  the  correlative  situations  of  those 
two  pieces.  It  will  suffice  for  this  purpose,  in  prac- 
tice, to  draw  exactly  and  by  the  scale  the  figure  *J7. 
in  which  ba  is  the  radius  of  the  eccentric  or  the  half 
range  of  the  slide,  /*B  the  radius  of  the  crank  or  the 
half  stroke  of  the  piston,  and  db  the  distance  at 
which  the  slide  is  supposed  to  be  from  its  middle 
position.  Then,  raising  at  the  point  d,  the  perpen- 
dicular dd",  we  have  the  point  d"  ;  afterwards  taking 
the  angle  KbU  equal  to  the  angle  b'bd',  we  deter- 
mine the  point  D\  and  finally,  letting  fall  the  per- 
pendicular D'D,  we  have  definitively  the  distance 
DB,  between  the  point  D,  where  the  piston  then  is, 
and  the  point  B  which  is  the  end  of  its  stroke. 

If  it  be  desired  to  find  the  quantity  D  B  by  calcu- 
lation, it  will  suffice,  from  what  has  just  been  said, 
to  consider  the  given  distance  db  as  the  sine  of  an 
angle,  and  to  seek  the  corresponding  versed  sine. 
ThcK'torc,  the  ratio  of  the  line  db,  to  the  radius  ba, 
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of  the  circle  in  which  that  line  is  drawn,  ED 
found  ;  which  is  easy,  since    those    two   lim 
known.     Then  the  logarithm  of  that  ratio  muht   I 
taken,  and  that  logarithm  sought  in  the  column  of 
sines  of  a  Table  of  ordinary  sine*.    ('In  swill 

be  found  the  logarithm  of  the  corresponding  cosine, 
and  consequently  on  seeking  the  numln  i  which  that 
logarithm  represents,  the  cosine  of  the  angle   de- 
scribed will  be   known.     Subtracting  this   c 
from  unity,  the  difference  will  lie  the  versed  H 
the  same  angle.   This  will  then  be  the  ratio  betWM 
the  line  1)15  and  the  radios  Mi  of  tin   circle  in  wlii; 
that  line  i*  drawn.     Consequently,  as  the  line  frB  is 
known,  it  will  be  easy  to  determine  from  it  the  ab- 
solute measure  of  DB  the  line  sought. 

If  we  take  for  example  an  engine  in  which    the 
stroke  of  the  piston  is  16  inches,  range  of  tin 
8  inches,  overlap  of  the  slide  over  the  sti  1 1 

J  inch  ;  and  if  we  suppose  the  engine  to  have  a  lead 
of  admission  of  •;  inch,  and  a  lead  of  suppression  I 
I  inch ;  and  it  Ik-  required  to  rind  at  what  distance 
from  the  end  of  the  cylinder  the  piston  is  when  the 
steam  i>  Intercepted,  and  at  what  point  it  is  when 
the  Steam  is  introduced  against  it,  we  shall  find  by 
following  the  calculation  indicated  above,  and  ftp. 
plyin  riv«ly  to  the  two  given  distances, 

that  the  space  remaining  for  the  piston  to  ti. 
at  the  moment  the  steam  is  intercepted  i  r  of 

the  motion,  is  l-50  inch  ;   and  that  when  tl 
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is  introduced  in  the  opposite  direction,  the  piston  is 
"•'5  inch  from  the  end  of  its  stroke.     The  figure  li~, 
constructed  hy  the  scale,  gives  the  same  result. 

1 1  we  suppose  in  the  same  engine  a  lead  of  -jt  and 
J  inch  in  each  respective  direction,  we  find  by  a 
similar  calculation,  that  the  space  remaining  for  the 
piston  to  traverse  when  the  arrival  of  the  steam  is 
intercepted  in  the  direction  of  the  motion,  is  '25 
inch,  and  that  the  steam  is  introduced  in  the  oppo- 
site direction  when  the  piston  is  -03  inch  from  the 
end  of  its  stroke. 

These  examples  show  how,  when  the  lead  is 
given,  or  when  the  situation  of  the  slide  is  known  at 
any  moment  whatever,  the  point  at  which  the  pis- 
ton is  at  the  same  moment  may  always  be  deduced 
from  it. 


Sect.  II.    Of  tlie  effect*  of  the  lead  of  the  slide  on 
the  velocity  of  the  engine. 

We  have  already  mentioned  the  advantages  arising 
from  the  lend  of  the  slide,  with  regard  to  the  play 
and  the  conservation  of  the  engine ;  hut  there  is 
ROQther  advantage  no  less  important,  resulting  from 
this  disposition,  namely,  that  of  obtaining  a  greater 
velocity,  and  consequently  a  greater  useful  efl'cct 
of  the  engine  with  a  given  load. 

This  effect  is  easy  to  comprehend  ;  for  if  the  sup- 

iaa  o!  the  steam  from  the  boiler,  instead  of 

being  made  precisely  at  the  end  of  the  stroke  of  the 
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ptStOO,  take-  place,  for  itttMIOft,  at  the  moment 
-ton  is  yet  an  inch  from  the  bottom 
of  the  cylinder,  from  that  moment  steam  ceases  to 
flow  into  the  cylinder.  Thus,  with  regard  to 
quantity  of  steam  admitted  into  the  cylinder  or 
expended  at  each  stroke  of  the  piston,  the  length 
of  the  stroke  is  really  diminished  an  inch.  Now  it 
in  the  quantity  of  steam  produced  by  the  boiler 
h  regulates  and  limits  the  velocity  of  the  engine. 
Suppose  tliat  such  production  furnished  m  cylinders- 
full  of  steam  per  minute,  when  the  total  length 
the  stroke  was  tilled  with  steam  :  now  no  more  than 
the  length  I— a  is  filled  with  steam;  the  same  produc- 
tion then  will  till  per  minute  a  number  of  cylinders 
I 


expressed  by  m  x 


l  - 


Hence,  in  fine,  the  velo- 


of  the  engine  will  be  increased  in  the  inverse 
ratio  of  the  lengths  of  the  cylinder  which  are  tilled 
with  steam. 

It  is  to  be  observed,  indeed,  that  while  a  lead  is 
given  to  the  slide,  to  suppress  the  steam  coming 
from  the  boiler,  a  lead  i>  also  given  to  admit  the 
steam  against  the  piston,  before  the  latter  has 
reached  the  bottom  of  the  cylinder.  There  results, 
then  an  increase  in  the  mean  resistance  Opposed  to 
lli  motion  of  the  piston  during  the  whole  of  the 
stroke  ;  and  since  the  velocity  of  the  engine  de- 
creases as  the  resistance  which  it  has  to  overcome 
becomes  greater,  it  might  be  deemed  that  this  cir- 
cumstance compensates  for  the  former.     But  SB,  by 
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means  of  double  slide  valve  boxes,  it  is  potable 
to  have  a  considerable  lead  for  the  suppression  of 
the  steam,  and  a  very  small  one  for  the  admission  of 
the  steam  in  the  contrary  direction,  and  as,  even 
with  single  slide  valves,  the  steam  is  never  ad- 
mitted against  the  piston  but  when  the  latter  is  at 
a  very  small  distance  from  the  end  of  the  stroke, 
and  consequently  at  a  point  where  a  great  force 
could  produce  but  a  very  small  effort  against  the 
motion  of  ihe  crank  of  the  axle,  it  will  be  recognised 
that  tin  stance  will  not  sensibly  retard  the 

progress  of  the  engine.  It  may  then  be  generally 
admitted  that  the  velocity  of  the  engine  will  increase 
in  the  ratio  of  the  total  stroke  of  the  piston,  to  the 
portion  traversed  at  the  moment  of  the  suppression 
of  the  steam  by  the  effect  of  the  slide. 

This  premised,  it  is  visible,  from  the  calculation 
which  we  have  given  in  the  preceding  section,  that 
when  the  lead  of  the  slide  for  the  suppression  of  the 
steam  is  but  I  inch,  on  a  total  range  of  3  inches, 
the  increase  of  the  velocity  of  the  engine  must  be 
inconsiderable,  since  the  steam  is  then  suppressed 
on  -25  inch  only,  or  on  J-4  of  the  total  stroke  of  the 
piston.  If  the  lead  of  suppression  amount  to  $  or 
£  inch,  it  produces  a  more  sensible  effect,  which 
nevertheless  may  easily  be  compensated  by  the 
strength  of  the  wind,  by  care  in  maintaining  the 
fire,  or  by  the  quality  of  the  fuel ;  but  if  it  amount 
to  I  inch,  calculation  shows  that  it  may  produce 
an  augmentation  of  about  two  miles  on  a  velocity 
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of  thirty  miles  per  hour;  and  in  this  case  as  well 
as  in   those  in   which   tin*   le;  ill,   it   is 

conceivahle  that  its  effects  must  manifest  tin 
in  practice. 
Among  all  the  engines  employed  in  the  exp 

mentfl  presented  in  Chapter  XII.,  there  was  not 

;it  tlic  \  ksta  which  we  shall  presently  no' 
in  which  the  lead  of  the  elide  was  in  the  case  last 
mentioned,  that  is,  in  which  the  lead  ot  tin-  slide 
could  bave  uny  very  scnsihl  on  the  velocity. 

It  is  besides  to  be  observed  that  when,  in  Chapter 
X.,  wc  dctcnniiicd  the  effective  va|M>rization  <il 
engines,  or  the  loss  of  water  carried  with  the 
steam  in  a  liquid  state,  wc  did,  in  fact,  take 
account  of  the  lead  of  the  slide  for  each  engine. 
In  effect,  since  the  engine  had  then  a  lead  of  the 
slide,  we  ought  to  have  calculated  the  eyliiwhr- 
full,  not  by  the  entire  stroke  of  the  piston  hn  we  did, 
but  by  the  stroke  alter  deducting  the  portion  i 
responding  to  the  slide  ;  that  is  to  say,  retaiiung  the 
uotations  just  employed  above,  by  the  length  /  —  a. 
But  then  the  velocity  of  the  engine,  corresponding 
to  the  real  vajmrization  of  all  the  water  consumed 
by  the  boiler,  would  have  been  increased  in  the  ratio 

and  in  consequence  the  effective  \:\\ 

/-« 


—  a 


tion  would  have  In-cn  diminished  in  the  ratio 


/ 


The  calculation  performed  with  this  new  effective 
vaporization,  would  then  have  given  fur  the  en 
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:i  \ ilocity  less  in  the  same  ratio  ;  and  in  fine,  to 
take  account  of  the  lead  of  the  slide,  it  would  have 
been  necessary  to  multiply  that  velocity  by  the  ratio 


/- 


Hence  we  should  thus  have  fallen  back  on 


the  same  velocity  which  we  obtained  more  simply 
by  the  method  followed ;  and  for  this  reason,  con- 
side-ring  besides  how  small  the  lead  was,  in  the 
engines  submitted  to  experiment,  we  preferred  not 
to  let  those  details  figure  in  the  calculation. 

In  the  experiments  of  Chapter  XII.,  and  in  nil 
tin.'  calculations  of  velocity  made  from  our  deter- 
minations, on  engines  having  but  little  lead  of  the 
slide,  it  becomes  needless  then  to  enter  into  the  con- 
sideration of  the  lead.  Hut  the  engine  Vesta,  as  we 
have  said  above,  forms  an  exception  in  tliis  respect. 
In  effect,  there  existed  in  that  engine  a  peculiar 
disposition  which  admitted  of  changing  the  lead  of 
the  slide  at  pleasure  ;  and  while  the  engine  was 
ascending  the  inclined  plane  of  IVhiston,  which 
il;r  moment  when  its  effective  vaporization  was  cal- 
culated, the  lead  of  the  slide  for  the  suppression  of 
the  steam  had  been  reduced  to  §  inch,  whereas  during 
the  rest  of  the  trip  that  lead  had  la-en  fixed  at  V" 
inch.  The  effective  vaporization  of  the  engine  is  then 
determined  as  comprehending  a  lead  of  only  I  inch 
instead  of  V  inch  ;  and  as  the  former  of  these  two 
leads  reduces  the  stroke  of  the  piston  1*50  inch, 
while  the  latter  reduces  it  3*85  inches,  it  beconii- 
necessary,  in  order  to  take  account  of  this  difference, 
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to  calculate  the  velocities  of  that  engine  by  taking 
the  effective  stroke  of  the  piston  at  12'6.r)  inches, 
instead  of  14-50  inches,  as  it  was  with  the  lead  of  £ 
inch.  This  we  did  in  calculating  the  velocities  of 
that  engine,  and  had  we  not  had  regard  to  this  cir- 
cumstance, the  calculation  would  have  given  about 
3  miles  less  on  each  of  the  velocities  of  the  engine. 

From  what  has  just  been  seen,  the  lead  of  the 
slide  augments  the  velocity  of  the  engine  with  a 
given  load,  and  consequently  its  useful  effect  with 
that  load.  Therefore,  as  the  lead  of  the  slide  shall 
he  augmented,  the  useful  effect  will  augment  at  the 
same  time,  and  this  augmentation  wUl  continue  till, 
by  reason  of  the  lead,  the  effective  stroke  of  the  pis- 
ton  is  80  much  reduced,  that  the  given  load  becomes 
a  maximum  load  for  the  engine  with  that  stroke. 
Reckoning  from  this  point,  the  lead  of  the  slide,  and 
consequently  the  useful  effect  of  the  engine  with  the 
'•ivrn  load,  admit  of  no  further  augmentation,  since 
any  further  increase  of  the  lead,  or,  in  other  words, 
any  further  diminution  of  the  effective  stroke  of  the 
piston,  would  render  the  engine  incapable  of  draw- 
ing the  desired  load. 


Sect.  III.    Of  the  effects  of  the  lead  of  the  slide  on 
the  maximum  load  of  which  the  engine  is  capable. 

The  advantages  of  the  lead  of  the  slide,  which  we 

have  just  noticed,    arc  very  important,  since  they 

1st    in  augmenting    the  velocity  of  the  engine 
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with  a  given  load,  or,  in  other  words,  its  useful 
effect  for  a  given  vaporization,  which  implies  the  di- 
minishing of  its  consumption  oi "fuel  for  determined 
effects.  These  advantages  are  produced  in  the  in- 
verse proportion  of  the  lengths  of  the  cylinder 
which  are  filled  with  steam  at  each  stroke  of  the 
piston,  ami  are  therefore  perfectly  analogous  to 
those  which  would  result  in  the  engine  from  an 
actual  diminution  of  the  stroke  of  the  piston. 
Hut  they  are  attended  with  a  disadvantage  which  it 
is  Decenary  tO  notice  here,  and  which  would  equally 
occur  in  the  case  of  an  actual  diminution  of  the 
stroke  of  the  piston.  The  disadvantage  consists  in 
this,  that  the  MCIMUNB)  load  which  the  engine  is 
capahlc  of  drawing  becomes  less  at  the  same  time ; 
so  that,  for  the  producing  of  certain  effects,  it  may 
Ik-  advantageous  to  diminish,  or  even  altogether  to 
suppress,  the  lead  of  the  slide. 

To  be  convinced  of  this  fact,  it  suffices  .to  observe 
that  at  the  moment  when  the  piston  reaches  the 
fttint  which  corresponds  to  the  lead  of  the  slide  for 
the  suppression  of  the  steam,  the  motive  force  is 
suppressed  ;  and  that,  when  the  piston,  continuing 
its  stroke  in  virtue  of  its  acquired  velocity,  arrives 
at  tin-  point  which  corresponds  to  the  lead  for  the 
admission  of  the  steam,  it  not  only  receives  no  fur- 
ther impulse  in  the  direction  of  the  motion,  but 
sutlers  an  opposition  from  the  motive  force  it 
then  let  in  against  it.  Now  the  piston  cannot  stop  ; 
it  must  finish  its  stroke.     It  is  therefore  obliged  to 
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drive  back  the  new  steam  which  obstructs  its  way  ; 
and  as  it  consumes  in  overcoming  the  obstacle  ■ 

i [■ ;: I utity  of   work    equal  to  that   which   this  Bl 
WOold    have   communicated  to  it,    it    follows 
through  the  space  yet  remaining  to  traverse,  there 
is  destruction  of  the  force  previously  acquired  on  an 
equal  length  of  the  cylinder.    Thus,  representing  l»y 

and  jS  the  two  |>ortions  of  the  stroke  of  the  piston, 
which  correspond  to  the  two  leads  for  the  sup]' 
sion  and  admission  of  the  steam,  we  see  that  the 
effect  of  the  motive  force,  for  th  live  motion, 

is  now  produced  only  on  the  length  of  the  stroke, 
diminished  lirst  by  a  and  afterwards  by  /if,  or  that 
there  really  remains,  for  the  effort  exerted  by  the 
engine,  a  stroke  equal  only  to  /  —  «  —  0. 

It  will  be  remarked,  indeed,  that  at  the  moment 
the  steam  is  intercepted  and  the  waste  steam-port 
open,  the  motive  force  of  the  motion  i-  no!  sop- 
id  instantaneously,  and  that  on  the  opening  of 
the  opposite  port,   the  motive  force   i.s  not   lit    in 
instantaneously  in  the  opposite  direction  ;  for,  as 
Steam    requires    a    certain    material   time,  either   to 
escape  from  above  the  piston,  or  to  penetrate  on  the 
opposite  side  of  it,  it  follows  that  during  its  efflux 
by  the  blast-pipe,  that  steam  does  not  entirely  cease 
to  exert  an  effort  on  the  piston ;  neither,  during  its 
admission  against  the  motion  of  the  piston,  hat  it, 
from  the  first,  all  the  pressure  of  which  it  i.s  capable 
l .    Moreover,  during  this  suppression  of  the 
motive  force  in  one  direction  and  its  introduction  in 


the  other,  it  will  he  remarked  that  tin-  piston  is  very 
near  the  end  of  the  cvliin.hr,  which  occasions  its 
action  on  the  crank,  that  is,  its  action  to  produce  or 
retard  the  motion  of  the  engine,  to  he  marly  null. 
From  these  two  circumstances  then  it  results,  that 
the  loss  of  motive  force  on  the  length  a  of  the  stroke 
of  the  piston,  and  its  introduction  in  the  opposite 
direction  on  the  length /9  of  the  same  stroke,  are  but 
partial ;  but  calculating  approximative!)',  the  effect-. 
of  the  engine  may  nevertheless  be  computed  in 
supposing  the  effective  stroke  reduced  to  the  length 

Now,  referring  to  the  expression  of  the  maximum 
load  that  the  engine  can  draw  (Chap.  XII.  Art.  II. 
Sect,  ii.),  we  recognise  that  the  more  the  quantity  / 
diminishes,  that  is,  the  shorter  the  stroke  of  the 
piston  becomes,  the  more  the  corresponding  value 
of  the  load  diminishes.  Moreover,  while  the  motive 
force  is  exerted  only  on  the  length  /— «—  /9,  the 
lance  of  the  load  continues  nevertheless  to  be 
exerted  on  the  total  length  /  of  the  stroke.  From 
this  fact  then  results  a  new  disadvantage  to  the 
power,  that  is  to  say,  a  new  diminution  of  the 
maximum  load ;  and  consequently,  by  these  two 
causes,  the  extreme  load  of  which  the  engine  is 
capable  will  be  by  so  much  the  less  as  the  lead  of 
the  slide  is  greater. 

To  recognise  by  direct  experiment  to  what  degree 
the  maximum  load  of  an  engine  may  be  diminished 
by  the  lead  of  the  slide,  wc  undertook  a  series  of 
experiments  on  the  subject  with  the  engine  Vesta. 
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By  a  peculiar  disposition,  due  to  Mr.  J.  Gray, 
of  the  engine-builderi  of  the  Liveq»ool  and  Mm 
cheater  Railway  Company,  this  angina  could,  without 
interrupting  its  progress,  be  regulated  lor  ddlerent 
leads  of  the  dide,  so  that,  with  the  same  load 
on   the  same  ground,   the  effect  of  those  diffei 
changes  might  be  tried.    They  ware  prodnoad  by 
["three  notches,  more  or  less  m  I  ou 

the  eccentric,  and  on  which  the  driver  might  Ih 
brought  at  pleasure  by  means  of  a  lever.    The  total 
range  of  the  slide  was  3*38  inches,  and  the  ti 
notches  gave  the  following  leads  of  the  dide 


lit  notch 


2nd  notch 


:         ..•,', 


f  lc*d  of  »njiprcMion 
\  lead  of  admiMton 

{lead  of  supprcMion 
lead  of  admU> 

{lend  <»f  mpprwion 
lead  of  mlinuj»<>n 


y 

i 


To   render  the  differences  moi  ible,   it    was 

RMB  the  find  and  the  third  of  these  positions  of 
the  -dide  that  we  endeavoured  to  obtain  a  com- 
parison     i  |tiently,  on  the  16th  August,   I 

in  the  morning,  and  ou  the  same  day  in 

the  i  taring  been  brought  to  the  fool  of  the 

inclined  plane  of  WhitUm,  inclined  H\,,  tir>t  with  a 
of  20  waggons,  and  afterwards  with  a  train  of 
8  waggons,  every  one  of  which  had  been 
weighed,  a  number  more  oi  vaggon* 

was  dcturhed  BDOBessivrly,  and   with   each 
loads  tbe  greater  and  the  leaser  lend  were  sucoes- 
The  results  of  these  trials  arc   | 
Ftod  i 'i  the  following  Table. 
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From  these  experiments  it  appears,  thai  all 
engine  could  do,  with  the  leads  of  V    nud  jj  inch. 
was  to  draw  a  load  weighing  32'05  tons ;  and  thai 
with  the  leads  of  J  and  J  inch  it  could,  with  the 

same  pressure  in  the  boiler,  draw  a  load  of  39 
tons.    Taking  into  the  account  the  gravity  of  the 
train  and  engine  on  the  plane  inclined  *l9,  these  two 
loads  are  equivalent  to  212  and  2-18  tons  on  a  V 
Thus  the  maximum  load  of  the  engine  was  redu- 

In   tlii!  had,  ahout  },  which  may  become  important 
under  certain  circumstances. 


Sect.   IV.    Of  the  manner  of  regulating  th- 
ine slide. 

Tin-  preceding  researches  make  known  the  eff 
of  the  lead  of  the  slide,  either  on  the  velocity,  oi 
the  maximum  load  of  the  engine.    We  are  thru  to 
be  guided  in  this  respect   by  the  effects  that  arc 
desired  to  be  obtained  from  the  engine. 

It  is  besides  an  easy  thing  to  know  the  lead 
the  slide,  and  to  regulate  it  at  the  point  that  ma*j 
thought  proper. 

After  having  opened  the  door  of  the  smoke-box 
situated  under  the  chimney,  and  taken  off  th< 
of  the  slide  valve  box,  so  as  to  uncover  the  si 
and  observe  their  motion,  the  engine  must  l>e  gentlv 
ed  forward  on  the  rails,  by  hand,  till  the  crank 
of  the  ixk  lies  perfectly  horizontal. 

At  this  moment  the  piston  is  at  the  end  of  t 
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cylinder.  Measuring  then  the  quantity  by  which 
the  slide  now  opens  the  steam-port,  we  have  the 
lead  of  the  slide. 

If  it  be  desired  to  change  the  lead,  the  crank 
must  be  retained  in  the  same  position,  and  detaching 
the  driver  which  is  fixed  to  the  axle  only  by  a  ItOp 
screw,  the  eccentric  must  be  turned  by  hand  till 
the  slide,  which  moves  at  the  same  time,  shall  ham 
opened  the  steam-port  the  desired  quantity.  'Finn 
the  driver  is  to  he  relived  so  as  to  hold  the  eccentric 
in  that  position.  This  operation  being  ended,  it  is 
plain  that  every  time  the  crank  shall  lie  horizontally 
or  the  piston  be  ready  to  begin  its  stroke,  the  slide 
will  be  found  to  open  the  steam-port  the  proper 
quantity. 

We  have  said,  tliat  to  bring  the  crank  horizontal, 
it  is  in  the  forward  direction  that  the  engine  must 
be  pushed.  The  motive  of  this  distinction  is,  that 
all  the  joints  l>e  tightened  in  the  same  manner  as 
they  are  in  the  progressive  motion  of  the  engine. 
It  is  necessary  also  to  bear  in  mind  that  these  joints 
will  he  still  more  tightened,  and  the  lead  of  the 
slide  somewhat  reduced,  when  the  engine  has  to 
sustain  the  tension  produced  by  a  considerable 
load. 

Another  attention  is  necessary  before  giving  the 
lead,  or  measuring  it,  and  this  is  to  ascertain  that 
the  slide  has  an  equal  play  between  the  three  ports 
of  the  cylinder ;  that  is  to  say,  that  in  its  two 
extreme  positions  it  is  equally  distant  from  the  two 
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lee  of  the  middle  or  waste  steiim-|>ort.     Otht 
tin-  lead  of  the  slide  would  not  hi;  equal  in  the  two 
motions  of  the  piston.    This  defect,  if  it  exist,   is 
easily  corrected  by  lengthening  or  shortening   the 
eccentric  rod  as  may  be  required.    This  rod  is  pur- 
posely formed  of  two  parts  (figs.  9  and  10),    ttr- 
miuatcd  by  a  right  and  left  screw,  and  joined  by  an 
adjusting-box  E.     When  the  box  is  turned,  for 
instance,  to  the  right,  the  two  screws  tighten 
the  rod  shortens.     If  on  the  contrary  it  u  turn 
the  left,  the  two  screws  become  less  tight  and  the  rod 
lengthens. 

The  regulation  of  the  slide  then  is  an  easy  ope- 
ration, 

The  lead  of  the  slide  may,  moreover,  be  changed 
with  tolerable  exactitude  without  opening  the  engine. 
It  suffices  to  make  beforehand  on  the  axle,  with  a 
chisel  and  a  hammer,  two  or  three  notches  con. 
sponding  to  two  or  three  positions  of  the  driver  for 
given  leads.  These  marks  being  once  carefully  dc- 
i  i  mined  as  above,  it  is  easy,  by  advancing  the 
driver  from  one  to  the  other,  to  make  the  slide  paaa 
from  one  lead  to  another  greater  or  less.  Thia  is 
the  means  which  we  employed  in  some  essays  which 
we  first  made  on  this  subject  with  the  engine  Leeds, 
and  in  which  we  successively  changed  the  lead, 
from  nil  to  £  and  f  inch. 

The  enjrinc-men  have  several  approximative  ways 
of  attaining  the  same  end.  They  have  remarked 
that,  in  general,  a  variation  of  $  inch  for  the  d 
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in  the  opening  of  the  eccentric,  corresponds  to  a 
variation  of  J  inch  in  the  lead  of  the  slide.  Thus, 
knowing  the  actual  lead  of  the  engine,  they  may, 
gotded  by  this  observation,  diminish  or  augment 
that  lead  as  much  as  they  think  proper.  They 
attain  their  end  also  by  loosening  some  keys  or 
joints,  so  that  the  eccentric-rod  no  longer  draws  the 
rod  of  the  6lidcs  immediately  after  it,  hut  leaves,  for 
instance,  J  inch  of  play  in  the  communication  of 
the  motion  from  the  one  to  the  Oth«r.  It  is  readily 
conceived  that,  by  this  means,  the  slide  will  begin  its 
motion  \  inch  after  the  eccentric.  If  then  the  slide 
had  before  a  lori  of  f  inch,  its  lead  afterwards  \sill 
be  but  I  inch.  Hut  this  means  and  other  similar 
ones  are  detrimental  to  the  engine. 
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Sect.  I.  Of  the  load  on  a  level,  which  corresponds 
to  the  load  on  a  given  inclined  plane,  and  vice 
versd. 

We  have  already  shown,  in  Chapter  VI.,  the  means 
of  computing  the  resistance  opposwto  the  motion 
of  the  engines,  hy  the  gravity  of  the  trains  placed 
on  inclined  planes;  but  as  many  other  questions 
occur  relative  to  inclined  planes  on  railways,  we 
must  here  return  to  the  subject,  to  solve  the  pro- 
blems wliich  arise  out  of  them. 

It  often  happens  that  an  engine  is  observed  to 
draw  a  certain  load  on  a  certain  inclination,  and 
to  compare  this  work  with  that  of  another  engine 
which  would  perforin  another  task  on  a  different 
inclination,  it  becomes  necessary  to  refer  each  of 
these  loads  to  the  level.  We  shall  therefore  begin 
with  this  problem  j  that  is  to  say,  we  shall  seek 
the  means  of  passing  from  a  given  load,  drawn 
on  a  known  inclination,  to  a  train  which  would 
offer  an  equal  resistance  on  a  level  ;  and  reci- 
procally,  from  a    known    train,   drawn    on   a   I. 
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to  the  load  which,  on  a  given  inclination,  would 
offer  an  equal  resistance. 

1  stly.  Let  us  take  the  first  case,  and  suppose  the 
practical  inclination  of  the  plane  to  be   expressed 

by  -,  that  is  to  say,  suppose  its  vertical  elevation 

to  be  to  its  length  measured  along  the  plane,  in 

the  ratio  of  -•    Let  M  be  the  weight,  in  tons  gross, 

tender  included,  of  the  train  placed  on  this  inclined 
plane ;  and  let  k  be  the  friction  of  the  waggons  per 
ton,  expressed  in  pounds,  as  has  been  explained 
Chapter  V.  Finally,  let  m  be  the  weight,  expressed 
in  tons,  of  the  engine  which  performs  the  fraction, 

With  these  notations,  it  is  clear  that  JtM  will 
be  the  friction  of  the  carriages  of  the  train.  More- 
over, since  1  ton  contains  2240  tbs.,  the  gravity  of 
the  train,  plus  the  engine,  will,  as  has  been  shown, 
Chapter  VI.,  Ik;  expressed  by 

2240  M  +  m. 
e 

Consequently,  according  as  the  engine  has  to  ascend 
or  to  descend  the  plane,  the  total  resistance:  il  n 
with  from  the  train  will  be 


kM  ±  MiDJf.t*. 

e 


Therefore  the  train  which,  on  a  level,  would  offer  an 
equivalent  resistance,  will  have  for  its  ex  pre  - 
when  the  motion  is  attending, 
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k  e 

and  when  it  is  descending, 

M--M-2240    M  +  w 

k  e 

If,  for  instance,  there  he  a  load  of  50  tons,  tender 
included,  drawn  up  a  plane  inclined  5^5,  by  an 
engine  of  the  weight  of  8  tons,  it  will  be  found  that 
the  equivalent  load  on  a  level  will  be  8b"  tons  ;  ami 
if  the  traction  takes  place  in  descending,  the  equi- 
valent load  on  a  level  will  be  no  more  than  14  tons. 

The  case  of  descending  trains  offers  no  more  dif- 
ficulty than  that  of  ascending  ones ;  but  it  is  to  be 
remarked  that  when 


M  = 


2240     M  +  m 


that  is  to  say,  when   the    train    descends    a   plane 
whose  inclination  is  expressed  by 


k 


M 


a       2240     M  -f  m 

the  load  which  represents  the  resistance  of  the  train 
will  become  null.  Thus,  on  the  plane  whose  in- 
clination  we  have  just  found,  the  friction  proper 
to  the  waggons  will  be  exactly  counterbalanced 
by  the  gravity  of  the  train  augmented  by  that  of 
the  engine.  On  any  plane  of  greater  inclination, 
the  resistance  offered  by  the  train,  or  the  load  M", 
will  be  found  negative;  that  is  to  say,  that  so  tar 
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from  Opposing  Che  progress  of  the  engine,  the  wag- 
gons will  tend  on  the  contrary  to  urge  it  along  the 
plane,  with  a  force  represented  by  the  negative 
value  thus  obtained. 

When  therefore  the  inclination  of  the  plane,  the 
weight  of  the  waggons  and  that  of  the  engine  are 
known,  the  load  M",  which  would  offer  an  equi- 
valent resistance  on  a  level,  may  Immediately  be 
found. 

2ndly.  Suppose  now  that  the  result  of  an  experi- 
ment have  made  known  the  load  M"  which  a  given 
enirine  can  draw  upon  a  level,  and  that  it  be  desired 
to  deduce  therefrom  the  load  M  which  the  same 
engine  could  draw  on  a  plane  of  a  given  inclina- 
tion ;  then  the  preceding  equation,  resolved  with 
reference  to  M,  will  give,  when  the  motion  is  as- 
cend in  •:. 

VI_e»M"- 2240  m 
eifc  +  2240    ' 
and  when  it  is  descending, 

M_«*M"  +  2240  m 
ek  -  2240 

It  will  be -easy  then  to  rind  the  load  M  required. 

If,  for  instance,  we  had  found  8o'  tons  for  the  load 
of  an  engine  on  a  level,  it  would  be  deduced  from 
thence  that,  on  a  plane  ascending  g^g,  and  for  an 
engine  of  the  weight  of  8  tons,  that  load  would 
amount  to  50  tons. 

It  will  again  be  remarked  here,  that  if  the  inclina- 
tion of  the  plane  in  question  be 
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iiixl  if  tin:  motion  take  place  in  ascending,  the  load 

which,  on  that  plane,  will  correspond  t"  the 

M     on  a  level,   will   In;  null.      This  circumstance 

i.  ii lily  explains  itself,  on  observing  tliat  we  bnve 

then 

2240    m      .,« 
—j—         =  M    ; 

k         e 

which  indicates  that,  by  reason  of  the  inclination  of 
the  plane,  the  gravity  of  the  engine  alone  i-  equ 
lent  to  the  load  M"  on  a  level,  and  oonsetju. 
that  the  engine  can  do  will  be  to  move  it-,  li  up  the 
plane.    If  the  inclination  be  greater  than  that  « 
we  have  just  mentioned,  a  negative  value  friU   Ik- 
found  for  the  load  of  the  engine,  which  would  arise 
from  the  weight  of  the  engine  alone  being  aire 
too  great  to  represent  the  load  M"  on  a  lew  I 

Finally,  in  the  case  in  which  the  motion  i>  <lr- 
scending,  and  in  which 

I       _*_ 
~e  ~  2240* 

it  will  be  found  that  the  load  of  which  the  >■■ 
capable  is  infinite;  and  in  effect  the  in; 

the  plane  will  be  such,  that  the  gravity  of  the  wag- 
gons will  compensate  their  friction,  so  that  they  will 
otter  no  resistance  to  the  motion,  and  consequently 

ue  may  draw  an  unlimited  number  of  them. 
3rdly.    Besides  the  two  problems  which  have  jus 


OK    INCLINED    PLANES. 


475 


cupicrl  our  attention,  it  may  yet  be  required  to 
determine  what  is  the  inclination  on  which  a  given 
load  would  be  equivalent  to  another  given  load  on  a 
level.  This  research  oilers  no  dilliculty ;  for  the 
same  relation  obtained  above,  being  resolved  with 

reference  to  -  gives,  when  the  motion  is  ascending, 

L-  _*_   M  ~M. 

e  ~  2240  "    M  +  ro  ; 
and  when  the  motion  is  descending, 

l^    _k_     A I  -  M" 
e  ~~  2240  '  M  +  m 

In  these  two  expressions,  M  still  expresses  the  lo;ul 
on  the  inclined  plane,  and  M"  the  load  on  the  level. 

Thus,  for  instance,  if  we  seek  on  what  inclination 
a  load  of  50  tons,  drawn  up  an  inclined  plane  by  an 
engine  of  8  tons  weight,  is  equivalent  to  a  load  of 
86  tons  on  a  level,  we  shall  find  the  inclination  of 
the  plane  to  be  jrfor. 

It  must  however  be  observed,  respecting  the  three 
problems  which  have  just  been  considered,  that  the 
loadfl  on  a  level,  corresponding  to  loads  on  given 
inclinations,  are  equivalent  to  them  only  as  far  as 
they  represent  the  traction  and  the  gravity  of  those 
loads ;  thus  far  then  they  may  replace  each  other, 
but  for  this  substitution  to  be  exact,  it  must  in  no 
way  affect  the  resistance  of  the  air,  which  is  always 
to  be  valued  by  the  number  of  wnggons  of  the  real 
load,  and  not  by  the    number   of  waggons  which 
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would  compose  the  fictitious  load,  if  it  were  n 
to  be  drawn  on  a  railway,  practically  and  accoi< 
to  the  ordinary  manner  of  loading. 

For  example,  when  a  load  on  a  level  represents  a 
load  drawn  up  an  inclined  plane,  it  is  clear  thai 

iit  must  be  greater;  and  when  it  represents  a 
load  drawn  down  the  plane,  it  will  on  the  contrary 
have  a  less  weight.      In  the  former  ease,  SUpfM 
the  load  on  a  level  effectually  prepared  for  con1, 
ance,  it  would  require  a  greater  number  of  carriages 
than  the  real  load,  and  in  the  latter  ease,  it  would  re- 
quire a  less  number.     If  then  instead  of  compn 
the  resistance  of  the  air  according  to  the  Dumber 
of  carriages  in  the  original  load,  it  were  val 
cording  to  the  carriages  which  the  transformed  load 
aUpptmUCIj  the  two  loads  thus  considered   would    no 
longer  offer  an  equal  resistance.     When  therefore 
we  say  that  two  loads  are  equivalent  to  each  Other, 
it  is  not  to  be  understood  that  they  can,  ahvt 
absolutely,  replace  each  other,  but  merely  that  it  is 
possible  at   the  same  velocity  and   with  the  pTO 
mentioned  above. 


Sbct.  II.    0/  the  velocity  of  /</.  engine*  on 

■  ncd  planet. 

When  a  locomotive  engine  draws  a  train  up  an 
inclined  plane,  its  velocity  a  necessarily  diminished, 
and  on  the  contrary  its  velocity  is  augmented  when 
the  engine  draws  its  load  down  the  plane      To  be 
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enabled  then  to  form  a  complete  judgment  of  the 
influence  of  inclined  planes  on  railways,  it  is  neces- 
sary to  examine  within  what  Umits  these  effects  of 
diminution  and  increase  of  velocity  are  produced. 
For  this  reason  we  are  now  about  to  consider  the 
motion  of  the  engines,  in  ascending  and  in  descend- 
ing inclined  planes. 

When  a  locomotive  engine  ascends  an  inclined 
plane,  its  load  immediately  becomes  greater,  because 
the  gravity  of  the  train  on  the  plane  is  added  to 
the  friction  of  the  waggons.  One  would  then  Ik-  in- 
duced to  think  that  the  velocity  must  diminish  in 
a  degree  nearly  proportionate;  but  that  is  not  the 
case,  because,  as  the  velocity  of  the  engine  di- 
minishes, the  resistance  of  the  air  diminishes  very 
rapidly,  since  it  varies  in  the  ratio  of  the  square 
of  the  velocity;  and  consequently  there  remains  in 
the  engine,  so  much  the  more  force  to  apply  to  the 
traction  of  the  load.  For  the  same  reason,  the 
velocity  in  descending  inclined  planes,  does  not 
increase  indefinitely,  as  might  be  thought  at  a  tirst 
glance. 

This  will  easily  be  recognised  on  recurring  to  the 
practical  formula  which  we  have  presented  in  Article 
III.  of  Chapter  XII.,  for  determining  the  velocity  of 
the  engine,  with  a  given  load  and  on  a  known  in- 
clination, namely : 

784  8 

(1  +8)  [<6± 7) Mtgrn  +«-*]  +F+  ^  (2736+/,'.-) 
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Suppose,  in  effect,  an  engine  similar  to  that  which 

we  h;ive  already  submitted  to  calculation  in  Chapter 
XII.,  or  with  the  following  proportions  : 

Diameter  of  cylinder,  1 1  inches,  or  d=9\7  foot ; 

Stroke  of  piston,  1 G  inches,  or  /=  1  "33  foot ; 

Wheel,  5  feet,  or  D=5  feet ; 

Friction,  103  lbs.,  or  F=103; 

Weight,  8  tons,  or  m=8 ; 

Gross  vaporization,  at  the  velocity  of  20  mil;  s 

per  hour,  G5  cubic  feet  of  water  j>er  hour,  or 

effective  vaporization  S=48"75  cubic   feet    of 

water  per  hour ; 
Blast-pipe,  233  inches  in  diameter,  which,  for 

the  vaporization  supposed,  gives  p'='\7!) ; 
Additional  friction,  S=-14  ; 
Effective  pressure  in  the  boiler,  70  tbs.  per  square 

inch. 

Seeking  the  velocity  which  this  engine  will  as- 
sume with  a  load  of  56  tons  gross,  tender  included, 
on  different  inclined  planes,  we  obtain  the  results 
contained  in  the  following  Table. 

Velocities  of  a  locomotive  of  65  cubic  feet  of  vaporization, 
iril/i  a  train  of  56  Ions  gross,  on  divers  inclined  planes. 


Direction  of 

the  inn!  mil 

Velocity  of  the  engine,  in  miles  per  hour, 
the  inclination  of  the  nUne  being: 

0 

Too" 

:'... 

-rre 

Toff 

Ascending 

Hetfccndini; 

25- 10 

9*09 

2842 

2101 
29-81 

14-90 
4000 

t  • 

4673 
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It  appears  from  these  results  that,  even  in  de- 
scending plana  oo  which  the  waggons  run  of  them- 

selves,  bj  virtue  of  their  gravity,  and  aided  by  all 
the  force  of  the  engine  in  favour  of  the  motion,  the 
trains  nevertheless  assume  but  moderate  velocities ; 
and  that  in  ascending  rapid  acclivities,  the  velocity 
likewise  diminishes  but  in  a  very  limited  degree. 
With  very  heavy  trains  indeed,  and  with  a  more 
powerful  engine,  the  velocity  of  descending  trains 
might  become  much  greater ;  but  it  would  always 
remain  more  moderate  than  one  might  at  first  be 
induced  to  suppose  it. 

In  performing  the  calculation  of  the  velocity  of 
trains  descending  inclined  planes,  it  is  to  be  ob- 
d  that,  when  the  inclination  of  the  plane  is 
greater  than  the  angle  of  friction  of  the  waggons, 
the  resistance  offered  by  the  train  itself  becomes 
negative,  because  the  gravity  then  predominates 
over  the  friction,  that  is,  the  term  (G— g)  becomes 
negative.  The  only  force  the  engine  has  then  to 
surmount  is  therefore  the  resistance  of  the  air, 
partly  counterbalanced  by  the  excess  of  the  gravity 
over  the  friction  ;  but  that  force  suffices,  as  we  see, 
promptly  to  limit  the  velocity  of  the  motion.  It  is 
I  |i;ally  to  be  observed,  on  the  same  descents,  that 
the  greater  the  load,  the  more  the  velocity  of  the 
engine  iucreases,  which  is  the  contrary  of  the  effects 
produced,  either  in  ascending  a  plane,  or  in  travers- 
ing a  level,  or,  finally,  in  descending  a  plane  less 
inclined  than  the  angle  of  friction. 
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Sect.   III.    Of  the  velocity  of  descent  of  tram*,  on 
inclined  planes  whrrr  no  use  is  made  of  the  f 
of  the  engine. 

The  researches  which  have  just  engaged  us  are 
relative  to  the  ascent  and  descent  of  planes,  on 
which  the  force  of  the  engine  is  used  to  produce 
tin-  motion  of  the  train.  This  case  invariably 
occurs  in  all  questions  of  ascent,  but  it  obvio: 
does  not  always  in  questions  of  descent.  In  effect, 
the  latter  may  Ik*  divided  into  tin 

1st.   Inclinations  on  which  the  gravity  is  less  n 
tin-  friction,  and   whereon  the  train  could   DOl 
advance  without  the  help  of  the  engine  ; 

2nd.   Inclinations  on  which  the  gravity   exceeds 
the  friction,   and   whereon   the   trains  would 
descend   of  themselves,  but  with   a   vel" 
less  than  what  the  work  requires  ; 

3rd.  Inclinations,  on  which  the  gravity  so  modi 
exceeds  the  friction,  that  the  trains  would 
acquire  too  great  a  velocity  during  their  de- 
scent, if  they  were  not  restrained  in  their 
motion  by  the  use  of  the  brake. 

The  tii  -i  ease  is  evidently  comprised  among  those 
which  have  been  treated  of  in  the  preceding 

;   and  it  i.^  the  same  with  the  two  others,  w> 
ever  it   is  thought  proper  to  use  the  force  of  the 
engine,  notwithstanding  the  inclination  of  the  pi 
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Iii  tin-  second  erase,  there  may  occur  a  problem 
which  we  have  not  yet  noticed :  it  is  that  of  finding 
what  vaporization  the  engine  ought  to  have,  or  to 
apply,  in  order  to  communicate  to  the  descending 
train  a  determined  velocity.  This  problem  would 
olved  by  taking  equation  (7),  Chapter  XIII. 
Sect,  it.,  which  gives  the  effective  vaporization 
of  the  engine  for  desired  effects,  and  substituting 
in  it  for  the  friction,  gravity,  &c,  the  data  proper 
to  the  inclined  plane  in  question.    It  can  therefore 

offer  no  difficulty,  and  we  shall  dwell  no  longer 
on  it. 

In  the  third  case,  it  may  be  required  to  find  wli;it 
velocity  the  trains  would  attain  of  themselves  during 
their  spontaneous  descent  on  the  plane,  and  what 
effort  the  brake  ought  to  apply,  to  reduce  their 
velocity  within  certain  fixed  limits.  This  is  the 
object  of  our  inquiry  at  present. 

When  the  inclination  of  a  plane  is  such  that, 
aided  by  tile  steam,  the  waggons  would  be  liable  to 
acquire  a  greater  velocity  than  would  be  thought 
consistent  with  the  safety  of  the  passengers  or  the 
preservation  of  the  engine  and  carriages,  the  engine- 
men  suspend  the  action  of  the  engine  entirely.  Then 
the  motion  is  nothing  more  than  the  result  of  the 
natural  gravity  of  the  train  on  the  declivity,  and  it 
is  easy  to  obtain  its  valuation-; 

Suppose,  in  effect,  the  train  to  reach  the  summit 
(il'llir  plane  with  the  velocity,  already  considerable, 
which  results  from  the  prior  action  of  the  engine ; 

2  i 
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it  will  first  begin  its  motion  00  the  plane  with 
same  velocity,  and  will  tend  to  augment   it  i 
and  more,  by  reason  of  the  constant  action  of  the 
gravity.     Hut    it    is    dear    that,    in    this   case,   the 
motive  force  will  be  nothing  more  than  the  excess 
of  the  gravity,  above  the  friction  of  the  wag: 
augmented  by  the  friction  of  the  engine ;  and  the 
resistance  will  be  precisely  the  resistance  of  the  air. 
So  long  as  the  motive  force  predominate  I  over  the 
resistance,  the  motion  will  continue  to  accelerate ; 
but  as  the  motive  force  is  constant,    and    M    the 
tance  of  the   air    on    the    contrary    increases 
rapidly,  there  will  be  a  point  at  which  those  two 
forces  will  become  equal ;  and  from  that  moment  the 
motion  will  be  uniform.    Considering,  in  Chapter  V  , 
the  motion  of  bodies  committed  to  gravity  on  in- 
clined planes,  we  have  shown  that  this  uniformity 
of  motion  will  establish  itself  at  the  end  of  a  lim 
time. 

If  then  the  train  be  supposed  to  have   Bltsjl 
that  uniform  motion,  the  resistance  of  the  air  will 
be  equal  to  the  motive  force.     Now  the  motive  force 
is   known,   since  it   is  no  other   than   the  excess 
of  the  gravity  above  the  frictions.      Then 
excess  of  the  gravity  above  the  frictions  will  give 
also  the  intensity  of  the  n  -i-t.ince  of  the  air  di 
uniform  motion;  and  consequently  we  may  tl* 

BOS  the  velocity  of  that  motion,  or  the 
which    the    train    will    i  ily    acquire    after    a 

limited  time  of  its  descent.     Hence,  neglecting  the 
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difference  which  existed,  at  the  commencement  of 
the  motion  on  the  plane,  between  the  velocity  of 
the  train  resulting  from  the  previous  action  of  tin- 
engine,  and  its  definitive  velocity  resulting  from 
gravity,  we  may  take  the  uniform  velocity  which  we 
have  just  determined,  as  that  of  the  whole  passage 
of  that  descent. 

If,  for  example,  wc  consider  a  train  of  9  coaches 
and  tender,  weighing  50  tons,  preceded  by  an  engine 
weighing  8  tons,  and  suppose  it  placed  on  a  plane 
inclined  y^n,  the  gravity  of  the  train  and  engine 
will  be  866  lbs.,  the  friction  of  the  waggons  will  be 
300  lbs.,  and  that  of  the  engine  100  lbs.  nearly. 
Thus  the  motive  force,  and  consequently  also  the 
resistance  of  the  air  during  the  motion,  will  be 
466  tbs.  Now  the  train  offers  to  the  resistance  of 
the  air  an  effective  surface  of  170  square  feet. 
Hence  the  resistance  of  the  air  per  square  foot  of 
surface,  will  be  274  lbs.;  which  gives  for  the  ve- 
locity of  the  motion  31  94  miles  per  hour.  If  a 
similar  calculation  be  made,  for  different  cases,  the 
following  Table  will  be  formed : 

Velocity  of  descent  of  trains  left  to  themselves  on  inclined 

planes. 


U«iguatioii  of  tlic  train. 

Maximum  wliK'il)  of  tlir 
train,  in  Bill  .  p«I  MOT,  '  •' 
inclination  of  the  jilmc  Mngl 

»frn 

T*tr 

tAb 

Train  of  50  tons,  tender  included 
Train  of  100  tons,  tender  included 

2340 
26-21 

31!>4 
3507 

44-36 
-48- 1 2 
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Such  are  then  the  \  clarities  the  train*  would  an 
when  ahandoned  to  their  own   weight ;    but  upon 
ays  a  maximum  velocity  is  fixed  tor  the  descent 
of  inclined  planes,  and  that  velocity  is  determined 
with  a  view  to  the  preservation  of  the  railway  and 
carriages.      If  then  we  suppose  that  the  greatest 
velocity   of  descent    on    inclined   planes    has    I 
fixed  at  26  miles  per  hour,  as  on  the  Liverpool 
and   Manchester  Railway,  it  is  plain  that  in   the 
different   cases   which    we    have  ju-st    treated,    the 
engine-men  will  he  obliged  to  use   the   brake,   to 
reduce  the  velocity  to  2b'  miles  per  hour.     No 
the  resistance  of  the   air  against   a  train   of    10 

bM  and  the  engine,  at  the  velocity  of  2b  D 
per  hour,  is  309  lbs.,  the  effective  motive  force  must 
<ih\  iou-ly,  in  all  the  cases,  be  reduced  to  that  rale. 
In  practice,  this  effect  will  be  produced  by  guess 
and  trial,  by  tightening  the  brake  more  or  less;  but 
it  is  easy  to  determine  the  friction  wliich,  in  each 
case,  the  brake  ought  to  exert  in  order  to  obtain  the 
velocity  desired.  If,  for  instance,  we  consider  the 
train  of  50  tons  descending  a  plane  inclined  t^5> 
the  effort  of  the  brake  must  obviously  be  466—309 
=  157  lbs.,  and  the  calculation  will  he  the  same  for 
any  other  case. 

These  examples  show  that,  whether  the  force  n{ 
the  engine  be  employed  wholly  or  partially,  or  the 
trains  be  left  to  themselves,  or  their  speed  be 
moderated  by  the  application  of  the  brake,  it  will  be 
easy,  in  all  cases,  to  determine  their  velocity  00 
inclined  planes. 
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The  same  examples  show  that  exaggerated  fears 
have  been  entertained,  in  France,  of  the  dangers 
which  might  result  from  the  occurrence  of  declivities 
on  railways,  and  that  it  was  carrying  the  precaution 
too  far  to  prohibit,  in  an  almost  absolute  manner, 
inclinations  greater  than  the  angle  of  friction,  on 
account  of  the  danger  to  which  they  seemed  to 
expose  the  descending  trains.  This  apprehension 
was  founded  on  the  idea  that,  by  the  very  fact  of 
the  trains  rolling  spontaneously  down  the  planes, 
they  might  accelerate  their  velocity  almost  inde- 
finitely. Hut  the  calculations  which  wc  have  just 
presented  prove  that,  even  though  the  brakes  should 
happen  to  give  way,  the  velocity  of  descent  of  a 
tri.in  of  100  tons,  which  is  one  of  the  heaviest  in 
use,  would  not  exceed  48  miles  per  hour  on  an 
inclination  of  j^q.  Now  thin  velocity  is  itself  com- 
d  within  the  limits  that  powerful  engines  attain 
with  light  loads,  and  the  Government  has  not  as  yet 
deemed  it  necessary  to  interfere  in  this  respect. 
Besides,  we  have  said  that  on  rapid  descents  the 
brake  is  applied  ;  and  for  above  twelve  years  that  the 
Liverpool  and  Manchester  Railway  has  existed,  the 
Velocity  Of  the  heaviest  trains  has  invariably  been 
reduced  to  22  and  26  miles  per  hour,  on  planes 
inclined  „*<,  and  g'9,  without  any  accident  ratal 
from  that  cause.  We  hope  then  the  conviction  will 
prevail,  that  the  only  inconveniences  attendant  on 
declivities  consist  in  the  surplus  of  work  they 
iui|>osc  on  the  engines;  and  in  that  respect,  it  is 
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proper  to  leave  to  the  companies  who  under: 
railways,  the   care  of  judging  whether  it    is  more 
aiKantageous   for  them  to  make  a  tunnel   or  go 
round  a  hill,  rather  than  crossing  it  by  means  ol 
inclined  plane.    But  by  refining  them  the  facoltj 
employing  the  latter  means,  it  has  often  bappi 
that  expenses  have  been  imposed  on  them,  so  heavy 
as  to  amount  almost  to  a  complete  prohibition  of 
the  establishment  of  the  railway. 


Sbct.  IV.   Of  the  duration  of  the  trip,  and  of 
average  velocity  of  the  engines,  on  a  system 
successive  inclinations. 

In  the  case  of  a  train  drawn  on  a  railway  which  is 
er  level,  or  of  a  uniform  inclination,  tfc 

Ik  no  difficulty  in  finding  the  duration  of  the  trip 
from  one  point  of  the  railway  to  another.  In  efl 
as  the  time  employed  by  a  body  in  traversing  a 
given  space  with  I  uniform  motion,  is  equal  to  the 
space  traversed,  divided  by  the  velocity  of  the 
motion,  it  will  suffice,  first,  to  determine  the  ve- 
locity of  the  engine  with  the  desired  load,  and  then 
to  divide  the  whole  length  of  the  way  by  the  ve- 
locity of  the  engine)  and  the  result  will  be  the  ti 
sought  or  the  duration  of  the  trip. 

For  example,  if  an  engine  is  to  traverse  a  space 
of  30  milts,  with  a  velocity  Of  10  miles  per  hour, 
the  duration  of  the  trip  oi  80  mile*  will  !*■ 

?j*  =  3  hours. 
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But  if  the  line  to  be  traversed  consist  of  a  series 
of  ascents  and  descents  of  various  inclinations,  the 
question  will  become  more  complex,  without  how- 
ever presenting  more  difficulty. 

In  this  case,  the  velocity  of  the  engine,  with  the 
0  ln.nl,  on  each  of  the  inclinations  to  be  tra- 
versed, must  be  sought,  either  by  the  formula 
(I  bis),  Chapter  XII.,  or  by  the  mean*  indicated  in 
the  preceding  section  ;  then  the  separate  lengths  of 
the  inclinations  must  Ik-  divided,  each  by  the  re- 
spective velocity  of  the  engine,  which  will  give  the 
time  employed  in  traversing  each  inclination;  and 
the  sum  of  all  the  results  thus  obtained  will  be  the 
total  duration  of  the  trip.  Finally,  dividing  the 
whole  distance  by  the  total  duration  of  the  trip,  the 
quotient  will  be  the  average  velocity  of  the  trip. 

If,  for  example,  it  were  found  that  the  engine 
would  perform  10  miles  with  the  velocity  of  10 
miles  per  hour,  10  miles  with  the  velocity  of  20 
miles  per  hour,  and  10  miles  at  the  velocity  of  30 
miles  per  hour,  the  total  time  of  performing  the 
30  miles  would  be 

10  ,   10  ,   10      ,.fl,  . 

i0  +  2O  +  30=,83hOUr: 

and  consequently  the  average  velocity  on  the  whole 
distance  of  30  miles  would  be 


30 


183 


=  16*4  miles  per  hour. 


In  general,  if  the  mccesave  lengtlis  of  the  inclined 
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planes  t«  k-  traversed,  I  I 

and  the  regpectiye  vdqdtitt  of  the  engine  on  tl 
inclinations  by  V,.  Y,,  &c,  the  time  of  performing 
the  whole  distance  will  be 

T  +  Y,  +  Sa-> 

and  the  average  velocity  of  the  trip  will  be 

u±  >•.  +  • 

v,  +  v,  +  &c- 

This  question  then  can  offer  no  difficulty. 

Among  the  applications  relative  to  this  question, 
we  may  have  to  consider  a  series  of  ascents  and  de- 
scents between  tWO  |Niints  on  a  level,  with  a  view 
to  determine  what  disadvantage  there  will  he,  with 
regard  to  the  duration  of  the  trip,  and  for  an  en 
iiinl  train  of  known  weight,  in  following  the  undu- 
lating line,  instead  of  the  line 
which  would  join  the  two  extreme  points.  1 
problem  occurs  whenever,  in  projecting  a  railway,  it 
becomes  necessary  to  choose  between  catting  through 
a  hill  and  crossing  it  by  means  of  inclined  planes. 

In  this  case,  the  <  alcufation  will  be  similar  to  I 
preceding.    'Hie  velocity  correHpondin^  to  the  pas- 
sage of  the  train  over  each  inclination  most  In-  fc 
.    and   after    having   deduced    from    it    tin-   time 

employed  in  traversing;  all  the  inclinations,  thai  I 

t  be  cornered  with  the  time  the  engine  « 
■re,  according  In  equation     !    bis),   to  pen. 
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the  straight  and  level  line  which  would  join    the 
extreme  points. 

It',  tor  example,  it  he  desired  to  know  the  time  of 
■  rsing  a  total  distance  of  20  miles,  and  the 
average  velocity  of  the  same  engine,  which  has  been 
noticed  in  Sect.  n.  of  this  chapter,  with  its  load  of 
56  tons  gross,  tender  included,  in  following  either  a 
line  entirely  level,  or  a  line  of  the  same  length,  hut 
consisting  of  two  equal  and  contrary  inclinations, 
referring  to  the  velecitiei  already  obtained  in  E 
u.,  we  shall  form  the  following  Table: — 


Time  of tracer/ring  20  miles,  and  average  velocity  >•/  a  loco- 
motive of  65  cubic  feet  of  vaporization,  icith  ti  tout!  <>/ 
56  tons  gross,  oh  a  system  of  equal  ascents  and  descents. 


1 

iil'jci't  of  calculation. 

Designation  of  the  line  to  l>c  tnnnnl. 

10  miles 
on  a  lercl 

ud 

10  milt* 
on  a  : 

ID  milra 
•wauling 

.ml 

10  mi!,-, 

ilmccnding 

10  miles 
MOMlfflllg 

Ami 

10  bOm 

ilc  cvniling 
Iff 

10  mile* 
uotfldl 

ami 

1 •■'■' 

"ling 

rib 

Time  oltnwmng  20 

mile*,  in  minute- 

A\<rngc    velocity    of 
the   trip,    iu    nnlr 

|  4765 
1 35*10 

48-36 
24-81 

4869 
24-64 

5S> 
21-56 

We  see  by  these  results,  that  on  a  system  of 
equal  ascents  and  descents,  coui'Mircd  with  a  level 
line  Ojf  the  same  length,  the  engine  will  always  be  at 
B  disadvantage  with  r^uccl  to  the  average  velocity, 
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or  the  dtmtion  of  the  whole  trii> .  -iin.  it  lien-  np- 
PMra  that  the  velocity,  which  was  25*10  miles  per 
hour  on  a  level,  reduced  itself  successively  to  24*81, 
24  64,  and  21*56,  and  the  time  of  performing  the 
whole  distaii'  ases  in  a  corresponding  manner, 

according  to  the  system  of  planes  over  which  the 
inc  has  to  pass. 

It  will  be  remarked  at  the  same  time,  that  it 
would  he  quite  inaccurate  to  take,  as  the  average 
velocity  of  the  passage  of  the  two  inclinations,  the 
mean  between  the  two  velocities  which  we  have 
obtained  in  Sect,  n.,  for  the  ascent  and  des: 
of  those  inclinations,  because  those  two  velodl 
are  not  maintained  by  the  engine  during  equal 
times. 


Sect.  V.   Of  the  average  load  of  the  engines,  during 
their  passage  over  a  system  of  successive  planes. 

When  an  engine  ascends  and  descends   several 
i.ssive  Inclinations,  it*  load  varies  consider 
since  the  gravity  of  the  train  now  increases,  now 
diminishes  the  original  ice  of  the  train  on  a 

I.     It  is  necessary  then  to  be  able  to  calci. 
the  average  load  which  results  from  these  variations 
<luring  the  whole  time  of  the  trip. 

For  this  puqiose  it  will  suffice  first  to  calculate, 
by  the  means  above  indicated,  the  load  on  a  level 
which  corresponds  to  the  traction  of  the  train  o 
plane,  and  the  time  of  traversing  each  res| 
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live  plane,  that  is  to  say,  the  time  during  which  the 

engine  has  to  draw  that  load.  Then,  multiplying 
each  load  by  the  time  during  which  it  is  applied  to 
tin:  engine,  taking  the  sum  of  all  these  products, 
and  dividing  that  sum  by  the  total  time  employed 
in  traversing  all  the  planes,  the  result  will  be  the 
average  load  of  the  engine  during  the  trip. 

Suppose,  in  effect,  the  question  concern  a  system 
of  two  inclined  planes  :  one  on  which  the  load  is 
equivalent  to  150  tons,  and  which  requires  3  hours 
of  time ;  the  other  on  which  the  load  is  equiva- 
lent to  50  tons,  and  which  requires  1  hour  of 
tfane.  It  is  clear  that  during  the  first  hour  the  load 
of  the  engine  is  1 50  tons ;  during  the  second  and 
third,  the  load  is  still  150  tons;  and  during  the 
fourth  hour,  the  load  is  50  tons.  Hence,  during 
each  successive  hour  of  the  duration  of  the  trip,  the 
loads  will  be. 

150  tons 
150 
150 
50 


500  tons; 

and  as  the  total  trip  has  had  a  duration  of  4 
hours,  we  see  that  the  average  load  of  the  engine 
during  the  whole  trip,  or  per  hour  of  work,  will 
be 

-500 
4 


=  125  tons. 
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To  obtain,  therefore,  the  average  load  of  the  engine, 
each  effective  load  must  be  multiplied  by  the  time  it 
is  applied  to  the  engine,  the  sum  of  all  these  pro- 
duets  must  bfl  taken,  and  finally  that  sura  divided 
by  the  total  time  of  the  trip. 

Thus,  in  general,  expressing  by  M„  M„  &c,  the 
successive  loads  of  the  engine  on  different  planes, 
by  L,,  L,,  &c,  the  respective  lengths  of  the  planes, 
;iiul  by  V„  V„  8eCi  the  corresponding  velocities, 

b   h  &c 

r;  v,' *c- 

will  be  the  times  employed  in  traversing  each  of  tin- 
successive  planes ;  and 

M,^  +  M,^  +  &c. 

*   %  +  %  +  <"' 

will  be  the  average  load  of  the  engine  during  the 
whole  trip. 

if  the  line  in  question  consist  of  ascents  and 
descents  traced  between  two  points  on  a  level,  or  of 
ascents  and  descents  counterbalancing  each  other, 
the  average  load  of  the  engine  during  its  pat 
over  those  inclinations,  will  always  be  greater  than 
it  would  he  on  the  level  line  which  would  join  the 
two  extreme  points.  In  effect,  if  we  first  calculate 
the  effective  loads,  or  the  loads  reduced1  to  a  level, 
which  correspond  to  the  passage  of  an  engine  of  the 
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weight  of  8  tons,  drawing  a  train  of  56  tons  gross, 
bonder  included,  over  divers  given  inclinations,  we 
shall  ohtain  the  following  results  : — 

Effective  loads  of  an  engine  of  K  tons  weight,  drawing  a 
train  «/*56  tons  on  divers  given  incHitutiniix. 


lii.n  c.f  tin- 

II, nil. III. 

Effective  lonil  of  tile  rngmn.  In  loiin,  the 

iiu  liuutiuii  "1  iIh:  iiluiir  liriiin  : 

0 

rh 

.!,-. 

rh, 

Ascending 
Desceuding 

56 

56 

1617 

109- 17 

•J  s::; 

215-33 
- 103-33 

Then,  recurring  to  the  duration  of  tlic  passage  of 
the  same  engine  with  its  load  over  the  different 
planes,  as  obtained  in  tbe  preceding  section,  and 
proceeding,  as  we  have  just  indicated,  to  find  the 
average  load  of  the  engine  in  ascending  and  de- 
scending different  planes  successively,  we  shall  ob- 
tain the  following  Table  : — 

Average  load  of  an  engine  of  8  tons  weight,  traversing,  with 
a  train  of  56  tons  gross,  a  system  of  given  ascents  and 
descents. 


ObjCOt  of  c.ili-ii- 
latum. 


Average    loud,  | 
in  tons  grotis  / 


Ooignation  of  the  line  to  be  tnvtncd. 


10  miles  on 
a  lru-1  «rnl 

ii ll  •  01 

■  level. 


56 


III  nnlrt  u. 
ccndiiiE  anil 

10  in 
■ii  lending 

VWC' 


6104 


63-21 


Hi  miln  «i- 10  mile*  u- 

.■;  anil 
I"  mil.-.  Ill    null-. 

ling  ilctceniling 

TJTT-  TTV' 


I  ■.',-•■;;■ 
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It  appears,  from  these  results,  that  there  is  always 
a  disadvantage  in  laying  clown  a  railway  according 
to  a  line  of  ascents  and  descents,  instead  of  tracing 
it  according  to  the  horizontal  line  which  would  join 
the  extreme  points  ;  also  that  this  disadvantage  will 
im-ment  as  the  planes  to  be  traversed  are  more 
inclined,  and  that  it  will  i  i-t  even 

planes  less  inclined  than  the  angle  of  friction. 

It  will  be  remarked,  that  had  we  merely  taken  the 
mean  between  the  ascending  and  the  descending 
loads,  on  the  different  planes,  we  should  have  bad 
5G  tons,  in  every  case,  for  the  average  load  of  the 
engine.  But  that  calculation  would  havi  l*vn 
faulty,  since,  if  we  take  as  an  example  the  two 
planes  inclined  4  J0,  the  engine  has  to  draw  the  load 
of  109"  1 7  tons  during  28-5(J  minutes,  and  the  load 
<>i  2*88  tons  during  only  20*13  minutes ;  and  simply 
taking  the  mean  of  the  two  loads,  is  by  the 
Mt|i]>o8ing  that  the  two  planes  are  traversed  in  c<juul 
times. 

Through  not  having  made  this  distinction,  some 
neers  have  thought  that,  as  long  as  the  inclina- 
tions did  not  exceed  that  on  which  the  wag- 
run  of  themselves,  the  traction  of  the  engines  re- 
mained the  same  as  if  the  line  were  perfectly  level. 
As  their  practice  was  to  compute  the  average  load 
by  ticking  the  mean  between  the  ascending  and  the 
descending  loads,  tbey  concluded  that  the  surplus  of 
traction  in  the  one  case  was  compensated  by  its 
diminution  in  the  other;   and  thence  the  name  of 
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normal  inclinations  was  given  to  inclinations  less 
than  the  angle  of  friction.  But  it  is  plain  that  no 
inclination  on  a  railway  can  he  called  normal,  since 
all  slants,  of  whatever  inclination  they  may  be,  arc 
disadvantageous  in  all  cases.  We  have,  in  effect, 
Men  in  the  preceding  section,  that  on  a  system  of 
ascents  and  descents  of  any  kind,  the  average  velo- 
city Of  the  engines  with  the  same  load  is  diminished, 
or  the  time  of  traversing  the  same  distance  aug- 
mented ;  we  here  see  that,  on  the  same  system  of 
planes,  the:  average  load  of  the  engine  per  hour  of 
work  is  increased.  On  the  other  hand,  it  is  obvious 
that  the  useful  effect  definitively  produced  remains 
always  the  same,  since  it  consists  solely  in  the  con- 
veyance of  the  load  from  one  extremity  of  the  line 
to  the  other.  There  can  be  no  doubt,  then,  that  the 
occurrence  of  ascents  and  descents  on  a  railway  is 
disadvantageous  in  all  respects. 


Sbct.  VI.  Of  the  quantity  of  work  on  a  level,  ichich 
corresponds  to  the  conveyance  of  a  given  load, 
over  a  system  of  known  inclinations. 

There  is  yet  another  research  which  necessarily 
presents  itself  with  respect  to  railways  consisting  of 
a  scries  of  different  inclinations ;  namely,  that  of  the 
quantity  of  work  on  a  level,  and  at  a  like  velocity, 
which  corresponds  to  the  total  work  executed  by  the 
engine  during  its  trip.  We  mean  to  say  that,  when 
an  engine  traverses  a  system  of  various  inclinations, 
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it  vtttoca*.  '»  traversing  each  of  those  m>  I i nations, 
«  certain  quantity  of  work,  which  is  measured   by 
lite  traction  required  of  the  engine  and  the  length  of 
the  inclination,  or  the  distance  on  which  that  b 
tion  is  exerted.     When  the  engine  then  has  i 
its  trip,  it  lias  executed  successively  different  quan- 

I  work  ;    and  the  object  proj>oscd  is  to 
the  quantity  of  total  work  thus  done  by  the 
and  to  deduce  therefrom  the  work  on  a  level,  wl 
\sould  he  equivalent  to  it. 

This  problem  occurs  whenever,  after  having  ob- 
served the  expenditure  of  fuel  of  an  engine,  in 
Dga  system  of  planes  with  a  given  load,  it  ia 
required  to  deduce  the  expenditure  of  that  fut 
which  corresponds  to  the  traction  of  1  ton  I  mile 
on  a  level.  It  is  also  the  problem  which  occurs 
What,  after  having  observed  the  expenses  of  main- 
taining and  working  the  engines  on  a  railway  com- 
posed of  ascents  and  descents,  it  is  required  to 
deduce  what  those  expenses  would  lie  on  a  le^ 
line 

To  obtain  the  solution  of  this  question,  we  must 
tii st  seek  the  quantities  of  work  successively  done 
in  the  conveyance  of  the  train  on  each  inclination, 
and  their  sum  will  gjhm  the  work  executed  in  the 
whole  trip.  Comparing  afterwards  this  work  with 
that  winch  would  be  done  in  drawing  a  ton  1  mile 
on  a  level,  we  deduce  its  expression  in  tons  drawn 
I  mile  on  a  level. 

Now,  the  force  necessary  to  overcome  the  fricti 
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of  the  waggons  placed  oo  the  plane,  is  known. 

.Moreover,    dividing  the  total  weight  of  the  train, 
augmented  by  that  of  th  ,  and  by  that  of  the 

tender,  if  the  latter  have  not  been  originally  com- 
prised in  the  weight  of  the  load,  by  the  number 

which  Mpnsenta  the  inclination  of  the  plane,  we 

have  likewise  the  gravity.     We  can  therefore  calcu- 
late the  traction  required  of  the  engine  during  its 

passage  over  each  plane,  and  multiplying  that  trac- 
tion by  the  distance  on  which  it  is  exerted,  we  I. 
the  quantity  of  work  [WlfonueU  during  tbe  passage 
of  the  inclination.  Making  successively  a  similar 
calculation  for  each  plane,  we  may  conclude  the 
total  work  demanded  of  the  engine  during  the  whole 
trip;  and,  finally,  knowing  that  tbe  draught  of  a 
(00  1  mile  on  a  level  requires  a  traction  of  6  lbs. 
I  mile  of  distance,  or  a  quantity  of  work  of  Gibs, 
raised  1  mile,  we  may  definitively  deduce  the  work, 
on  a  level,  which  corresponds  to  the  total  work  of 
the  engine. 

To  simplify  this  calculation,  instead  of  seeking 
immediately  the  definitive  work  required  of  the 
engine  on  each  inclination,  by  virtue  of  the  friction 
and  the  gravity,  we  may,  which  amounts  to  the 
same,  calculate  first  the  work  performed  in  over- 
coming the  gravity  of  1  ton  on  each  successive  in- 
clination. Then,  having  once  found  this  work. 
pressed  in  pounds  raised  I  mile,  knowing  also  that 
a  weight  of  6flto.  is  equivalent  to  the  traction  of 
1  ton  on  a  level,  we  may  immediately  express  it  in 

2k 
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tons  drawn    I    mile  on  a  level.     Aflei  ob- 

tained Una  expression  for  etch  of  the  successive 
])i:mrs,  nothing  remains  l>ut  to  take  the 

these  apraaoona,  in  order  to  have  the  total  work 
resulting  from  the  draught   of  I    ton  OW  all  the 

planes  of  the  whole  line.     Consequential  multi- 
plying  this   result    by    the  number   of  tons  wl 
compose  the  total  mass  in  motion,  and  adding  to  it 
the  work  done  in  overcoming  the  resistanee  of  the 
air  and  the  friction  of  the  waggons,  on  the  t 
111   of  the   trip,   we   shall    have   definitively 
work  performed  in  the  traction  of  the  trnin  over  all 
the  planes  of  the  whole  line       1 1  is  necessary  only, 
before  going  any  further,  to  add  here  two  observa- 

tiolW. 

Thfl  Bnl  is,   that   it   is   proper  to  distinguish    the 
ascents  from  the  descents,  and,  to  that  end,  care 
lie  taken   to  -ive  to  the  work  (lom 
ling  the  gravity,  the  sign  pliu  for  those  por- 
tions ol  ill    line  which  are  to  be  ascended,  bee; 
on  those  portions  the  gravity,  and  consequently  thfl 
ssoik    which    represents   it,   is  to  be  added  to  the 
traction  of  the  waggons ;   and  the  sign  mkau 
those  jMirtions  of  the  line  which  are  traverso' 
descending,  because  on  descents  the  gravity,  on  the 
contrary,  eoines  in  deduction  of  the  work  require*  I 
«il  the  engine,  and  is  consequently  to  be  subtracted. 
Hy  this  means,    we  have  only  to  add,  with  tl 
,  all  the  quantities  of  work  thus  found,  in  Ofdl  r 

to  deduce  the  definitive  work  done  in  ovezcoa 
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the  gravity  of  I  ton  on  the  whole  line  of  inclina- 
tions. 

The  sirnml  observation  which  we  have  to  make  is 
relative  to  pfanoa  mow  inclined  than  the  angle  of 
friction.  It  is  known  that  on  these  planes  the 
gravity  exceeds  the  friction,  so  that  the  train  might, 
in  fact,  continue  its  motion  without  the  help  of  the 
engine.  However,  as  for  a  railway  enterprise  it  is 
Ml  enough  that  the  train  move  slowly  onward,  hut 
it  must  assume  and  maintain  the  velocity  fixed  by 
the  exigencies  of  the  trade  ;  as,  moreover,  tin 
cannot  run  of  itself  at  any  velocity  00  B  descent, 
unless  the  gravity  be  capable  of  overcoming  not 
only  the  friction  of  the  waggons  but  that  of  the 
engine,  it  follows,  finally,  that  it  is  only  on  planes 
sufficiently  inclined  for  the  gravity  to  he  equal  to 
the  sum  of  the  friction  of  the  waggons,  the  friction 
of  the  engine,  and  the  resistance  of  the  air  agnn  i 
the  train  at  the  desired  velocity,  that  the  effect  of 
the  engine  can  be  dispensed  with. 

According  to  the  velocities  in  080  on  railway 
the  present  day,  25  miles  per  hour  may  be  con- 
sidered as  the  velocity  generally  adopted  for  a  ti  in 
of  10  carriages  or  50  tons  gross,  exclusive  of  the 
tender,  and  about  20  miles  per  hour  for  that  of  a 
train  of  20  waggons  or  100  tons  gross,  exclusive  of 

the  tender.    Admitting  theo  these  data,  and  taking, 

besides,  100  lbs.  for  the  friction  proper  to  an  engine 
of  8  tons,  it  appears  that  the  inclinations  on  which 
it  would  be  possible  to  suspend  the  action  of  the 
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steam  will  be  -},',,,  in  the  fint  case,  and  |^j  in  tin- 
second.     It  may  then  he  admitted,  on  an  average, 
that,  on  a  well-kept  railway  adapted  to  ordi 
velocities,  with  well-constructed  carriages,  the  trains 
will  of  themselves  acquire  a  sufficient  velocity,  • 
the  inclination  is  -jrfoi ;   60  that  on  such  inclinal 
the  action  of  the  steam  may  l>c  entirely  SU 
This  premised,  it  is  visible  that  in  BO  king  the  q 
tities  of  work  done  by  the  engine  in  traversi 
system  of  divers  pla  must  set  down  zero  tor 

all  descending  pfanes  inclined  _.,',,,  or  more  ;  that  is 
v.  we  must,  for  those  planes,  omit  in  the  calcu- 
lation both  the  gravity  of  the  mass  and  the  friction 
of  the  waggons,  since  these  two  quantities  mutually 
destroy  each  other. 

To  give  an  example  of  this  calculation,  and  to 
render  the  explanation  of  it  perfectly  clear,  we  will 

seek  the  quantity  of  work  done  by  the  locomotive 

engines  of  the  Liverpool  and  Manchester  Railway 
the  conveyance  of  their  load  over  the  totality  of  the 
which  they  have  to  traverse.     As  the  calcula- 
iclativc  to  the  gravity  is  performed  much  more 
comniodiously  by  way  of  a  Table,  we  will  here  pre- 
sent it  under  that   form.      The  tir>t   column  ol 
Table  contains  the  successive  lengths  of  the  line, 
second  indicates  the  respective  inclinations  of  < 
of  those  distances,  the  third  gives  the  gravity  ol   I 
ton  on  the  inclination  considered  ;  the  fourth  and 
last  contains  the  product  of  that  gravity  by  the 
distance  traversed,  that  is,  the  work  done  in  over- 
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coming  the  gravity  ;  but.  having  been  divided  by  (J, 
this  work  is  transformed  into  tons  drawn  1  mile  on 
a  level. 

The  Blgm  placed  before1  the  numbers  mark,  as  we 
just  said,  the  ascending  or  the  descending 
planes.  Thus  the  inclination  ,,,'•.. t  is  a  descent  in 
going  from  Liverpool  to  Manchester,  and  therefore 
the  work  corresponding  to  the  gravity  has  the  sign 
minus;  but  it  is  an  ascent  when  the  line  is  traversed 
in  the  opposite  direction,  which  causes  it,  in  that 
case,  to  have  the  sign  plus.  The  gravity  on  the 
inclinations  ^Vr*  and  ffa  might  have  been  neg- 
I n  ud  in  this  calculation,  because  in  practice  these 
inclinations  may  be  treated  Bfl  level  lines. 

Work  done  in  overcoming  thr  tjrurily  on  the  Liverpool  and 
Manchester  Railway. 


beet  ion  of  the  railway,  from 

Liverpool  towards 

W.iik  <lulir  i 

i  overcoming 

■tlirlmli-r. 

'tic  ttravit'  of  1  ton 

i  |  Of  1 

i i  Um 

Man. 

pii'lumtion 

FttOD  I.Mtr. 

.In' iter 

Distances, 

Inclination*. 

1 1  .i .  mod. 

pool  to*  "■!• 

Blmcbi 

inta 

LnrrpiHil. 

goal  1 

':      1    Mule   mi 

miles. 

Is. 

U    I'M'I. 

air 

•53 

0 

0 

0 

0 

5-23 

d-  rsW 

-1  78 

+  1 

147 

••    V« 

28  33 

+  5-71 

»» 

I  87 

0 

0 

0 

0 

1-39 

<!•    pj 

25-00 

•• 

+  »-79 

2  41 

*irt¥ 

•81 

-  '39 

+     32 

660 

<*•  rU 

2G4 

-■2  80 

+  2  90 

ff-69 

•ttW 

1  7*2 

+1-61 

-1  61 

4*86 

•nVr 

•5-2 

+     38 

-    38 

29'48 

+  2-70 

+  8-88 
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This  Tabfea  rixnra  thai  the  privity  of  each  ton  of 

a  train  drawn  from  one  end  to  the  Other  of  t he- 
Liverpool  and  Manchester  Railway,  requires  from  the 
engine,  according  to  the  direction  of  the  motion,  a 
quantity  of  work  equivalent  to  270  or  8-88  tons 
drawn  1  mile-  on  a  level.  Expressing  then  by  M, 
the  weight  of  any  train,  by  m  the  weight  of  the 
engine,  and  by  C  the  weight  of  its  tender  supposed 
not  included  in  the  load  M,,  the  work  done  in  over- 
coming the  gravity  Of  the  train  on  the  line,  will  be 

From  Livcrp.  to  Much.  .  .  2*70  (H,  +  C  +  m)  toe- 

From  Much.  t<>  Livcrp.  .  .  k-sb  (M,  +  C  +  m)  tons  1  mile. 

lint  OH  the  other  hand,  laying  aside  the  descents 
more  inclined  than  -ila,  on  which  the  engines  are 
not  made  to  work,  the  distance  performed  by  the 
trains  is  2809  miles  from  Liverpool  towards  Man- 
chester, and  28-01  miles  in  the  contrary  direction  ; 
and  the  friction  of  the  carriages  is  to  be  overcome 
by  the  engine  throughout  the  extent  of  this  distance. 
Therefore,  the  quantity  of  work  done  in  overcoming 
the  friction  of  the  carnages,  for  a  load  of  M,  ■+■  C 
tons  drawn  from  one  end  of  the  line  to  the  other, 
will  be 

Proa  Livcrp.  to  Munch.  .  .  .  2809  (M,  +  C)  tons  I  mile ; 
Prom  Mtmch.  to  limp.  . . .  28-01  (M,  +  C)  tons  1  •> 

llnuv.  finally,  adding  the  work  done  in  overcoming 
the  gravity  to  that  which  is  done  in  overcoming  the 
friction,  the  total  work  performed  by  the  engine,  in 
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tin-  uOUVtiytUKe  of  the  load  M,  along  the  whole  line, 
will  be 

From  Livcrp.  to  Munch.  .  .  30-79  (M,  +C)+2-70  m  ton*  1  mile. 
Manch.  to  Liverp.  . .  3689  (M,  -t-C)  +8-88  m  loo*  1  mile. 

In  these  expressions,  m  represents  the  weight  of  the 
engine  effecting  the  motion.  It  is  understood  then 
that  if  the  train  is  drawn  by  two  or  more  engines,  m 
is  to  be  replaced  by  the  weight  of  those  different 
engines  united.  Similarly,  if  a  train  is  helped  in 
a  part  of  the  trip  by  an  assistant  engine,  the  above 
quantity  of  work  must  receive  ;m  addition,  corre- 
sponding to  the  gravity  of  the  assistant  engine  and 
it8  tender,  on  the  portion  of  the  line  which  it  has  to 
tr,  i  verse,  and  to  the  friction  proper  to  that  tender  on 
the  same  distance.  On  the  Liverpool  and  Man- 
chester Railway,  for  ascending  the  two  planes  in- 
clined nH,  and  fa,  assistant  endues  are  used,  weigh- 
ing with  their  tender  about  18  tons.  The  addition 
to  make  on  that  account,  for  friction  and  gravity,  is 
therefore,  very  nearly,  112  tons  one  mile  in  each 
direction  ;  but  as  the  assistant  engines  are  used  only 
for  about  half  the  number  of  the  trains,  allowance 
will  be  made  for  this  circumstance  by  adding  only  a 
work  of  5G  tons  one  mile,  for  each  train  conveyed 

■long  the  line.     Consequently,  observing  finally 

thai  the  average  weight  of  the  engines  is  8  tons, 
and  that  of  the  tenders  6  tons,  which  gives  "'  =  8, 
C  =  6,  we  find  that  the  work  done  by  the  engines, 
exclusive  of  the  resistance  of  the  air,  in  the  c-onvev- 
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mice  of  a  train  of  M,  ton-  along  the  whole  line,  n 
represented  by  the  two  following  expressions: — 

From  UfCrp.  to  Maiich.     .  ,  3079  M,  +  26-2  ton*  1  mil 
From  Mush,  to  I.Im  rp  SS'Sfl  M,  +  348  ton-  I 

It  is,  however,  to  be  remarked,  that  the  result 
thus  obtained  only  represents  the  work  executed  in 
the  conveyance  of  the  loud,  as  taken  independently 
of  the  resistance  of  the  air  against  the  train,  and  of 
divers  other  resistances  which  the  engines  have  t<» 
overcome,  such  as  their  own  friction,  their  additional 
friction,  the  pressure  arising  from  the  blast-pipe,  &c. 
This  result  is  to  he  considered,  then,  only  08  a  rough 
estimate,  whereon  to  ground  approximate  calcula- 
tions, such  as  may  in  general  he  deemed  sufficient  in 
practice,  but  not  as  an  exact  and  mathematical  ex- 
pression of  the  work  executed  in  the  motion  of  the 
train.  The  result  of  this  research  will  nevertheless 
be  rendered  much  more  exact,  by  adding  to  the 
work  done  in  overcoming  the  friction  and  gravity, 
that  done  in  overcoming  the  resistance  of  the  air 
against  the  train  at  the  velocity  fixed  upon  for  the 
motion. 

Tims,  taking  225  miles  per  hour,  as  the  average 
required  velocity  on  a  railway  for  general  transit, 
and  15  carriages,  exclusive  of  the  tender,  as  the 
average  load,  we  find  that,  the  resistance  of  the 
air  against  the  train  in  motion  will*  be  327  lbs., 
which  is  equivalent  to  the  traction,  on  a  level 
aiul  at  very  little  velocity,  of  a  weight  of  55  tons 
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gross.  This  traction  is  to  be  performed  by  the 
ue  throughout  all  the  length  of  the  portions 
of  th<*  railway  on  which  the  action  of  the  engine 
is  not  suspended.  Consequently,  in  the  case  of 
the  Liverpool  and  Manchester  Railway,  and  at  the 
above  velocity,  the  resulting  addition,  in  either 
direction,  will  be  l.r>43  tons  one  mile;  and  thus 
the  work  done  in  conveying  the  load  M,,  from 
one  end  of  the  line  to  the  other,  including  the 
resLitttnrr  of  the  air  at  the  average  velocity  of  22'5 
miles  per  hour,  will  he 

From  Liveqi.  to  Mhiii-Ii.     .     .  3079  M,  +  1805  ton*  gross  1  mile 

ou  a  level,  at  very 
little  velocity. 

From  Mamli   to  Lhap 3689  M,  +■  1891  ton*  grow  1  mile 

nnuh-vrl.iitvcry 

little  velocity. 

The  calculation  which  we  have  just  performed 
would  equally  apply  to  every  other  line,  with  this 
difference,  that  if  the  velocity  necessary  for  the 
conveyance  were  less  than  20  to  25  utiles  per 
hour,  as  we  took  it  above  for  railways  of  great 
velocity,  the  action  of  the  engine  might  be  sus- 
pended on  descents  of  less  inclination  than  tJu; 
and  then,  in  the  calculation  of  the  work  done  by 
the  engine,  all  the  motion  performed  in  descending 
inclinations  thus  fixed  for  the  limit  of  the  use  of 
the  engine,  must  be  suppressed. 

As  ;i  second  example  of  the  preceding  calcula- 
tion, we  will  seek   the  quantity  of  work   executed 
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by    i  mes  of  the   Stockton   and   Darlington 

Railway,  in   the  conveyance  of  a   train   of  wacrgons 

along  that  line.     This  research,  besides,  will  be 
needful  to  us  in  the  Appendix  to  this  work,  for 

deducing  the  expense  of  carriage  on  ii  v. 

We  give,  in  the  annexed  Table,  the  section  of  the 
portion  of  that  line  traversed  by  the  locomotives, 
and  the  (piantity  of  work   done  in  DJng  the 

ity.  As  the  speed  on  that  railway  is  but  8 
miles  jwr  hour,  and  the  trains  are  oompo-ed  nf 
21  \va'_"_'ons,  which,  with  their  load,  weigh  115  tons 
gross  ;    as    the    average    weight   of  the  B    is 

10'5    tons,    and    that    of  their    tenders    4'5    to 
and  as,  finally,  the  friction  of  the  hiofa 

tie  hut  little  taken  care  of  on  that  line,  ma] 
estimated  at  30  lbs.  per  ton  instead  of  1 5  lbs.,  we 
find  that  the  inclination  which  is  sullinent  to  make 
the  train--  descend,  with  the  velocity  fixed  for  the 
work,  is  jfj-.  Taking  account  then  of  this  limit, 
to  deduct  from  the  total  trip  the  plan.  •  rscd 

Wtthont  the  help  nl   |  me.  we  form  the  follow  - 
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Work  tinne  in  oreraiminy  the  gravity,  on  the  Stockton  and 
Darthlffttm  Rai&Mjf  [portion  traversed  by  the  locomo- 
tive*). 


i 

ii  1.1"  Tlic  niilwax  I'rnin 

Work  don  in 

mine  t  he 

l$rui>> 

i.in 

pnttf  of  1  ton. 

DitttDM  to  be 

Ooncapondbig 

rn.iii 

l  nun  Stockton 

travcncd. 

incliimliuii. 

to  Stockton. 

to  DiBwelloib 

loin  1  mile. 

Colli  1   inili'. 

d. 

-  >552 

d-  t*t 

-    069 

+      069 

92 

d. 

0 

+  a 

1  « 

11     , 

0 

+    4474 

9-95 

'i-  At 

—1-891 

4-    l'«9l 

i   1  . 

*  ,'... 

0 

f  8-487 

1*01 

J-  ili 

-1071 

+    1071 

176 

d-  rb 

0 

+  4-687 

•20 

a.  vk 

-  ■! 

+•     •  1 89 

IT.". 

4-1 

-    -4 12 

4-      '412 

it;i 

,L  - 

-  -497 

+       427 

I'M 

a. 

0 

4-   3-001 

•99 

'i  .; . 

-     120 

4-     -120 

i-m 

''  n-n 

—    356 

4       366 

1-25 

d.  ,*, 

0 

4-    1-845 

03 

0 

0 

0 

<>•  *+» 

0 

4-   1-896 

n.j 

*  t!t 

—  DM 

4-     -038 

Ml 

«•■  rrta 

-  *M9 

+     -189 

I'M 

<l.  ,L 

0 

4-    4164 

20-78 

-5014 

4-30545 

Consequently,  calculating,  as  we  did  above,  for 
the-  Liverpool  and  Manchester  Railway,  we  find  that 

on  that  portion  of  the  railway  from  Stockton  to 
Darlington  on  which  the  locomotives  run,  the  con- 
veyance of  any  load  M,.  expressed  in  tons  gross, 
I  (elusive  of  tender,  requires  of  the  engines,  hide- 
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penitently  of  the  resistance  of  the  air,  a  quantil 

Died,  in  tons  drawn  1  mile  on  a  1 
ir,  the  following  i'\  as: 

From  Brwelton  to  Stockton ...  5-  5  M,  —    '28  tonn  prosa  i 

From  Stockton  to  Hru»«-lton  .  .61*33  M,  +552  ton*  grata  I 

on  a  level. 

If  it  be  desired,  moreover,  to  introduce  in  the 
colcubtioD  the  resistance  of  the  air  against  tin- 
trains,  the  work  done  by  the  engines  in  dra? 
a  train  of  24  waggons  at  the  velocity  of  8  miles  per 
hour,  will  be 

From  Bruaeclton  to  Stockton  . . .  5*  6  M,  -f    70  ton*  gross  1  mile 

on  a  level,  at  very- 
little  veli'. 
Stockton  to  Bnwclton  . .  M-33  M ,  +  745  tons  prow  I 

on  a  level,  at  very 
little  velocity. 

It  is  to  be  remarked,  thai  when,  in  calculations  of 
'In--  kind,  there  occurs  au  incline  followed  by  an 
equal  contrary  incline,  and  when  their  inclination 
is  not  sufficient  for  the  action  of  the  steam  to  be 
i-nsed  with  during  the  descent,  the  computation 
of  the  definitive  work  done  by  the  engine  in  I 
versing  the  two  inclines  will  give  the  same  Dumber 
at  if  the  line  had  been  level.  It  is  thenee  to  be 
concluded,  that  taking,  as  we  have  done,  the  re- 
sistance of  the  air  at  its  average  value  on  all  the 
portions  of  the  trip,  the  work  done  in  the  convey- 
ance of  the  train  on   the  two  inclines  will  be  the 
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same  as  on  a  level.  Hut  this  result  arises  -mijily 
from  this,  that  in  supposing  the  resistance  of  the 
air  constant,  we  make  a  supposition  favourable  to 
the  ease  of  ascents  and  descents.  In  effect,  if  we 
refer  to  Sect.  n.  of  the  present  chapter,  and  seek 
the  resistance  of  the  air  against  a  train  of  56  tons 
gross  drawn  hy  a  locomotive  of  65  cuhic  feet  of 
vaporization,  traversing  either  a  level  line  or  a 
system  of  given  asceuts  and  descents,  we  shall  in- 
variahly  find  that  the  resistance  of  the  air  is  less  on 
the  level  line,  though  tin  ■■•  velocity  is  greater  ; 

and  this  is  occasioned  by  the  resistance  of  the  air 
increasing  as  the  square  of  the  velocity.  Thus,  for 
instance,  on  two  slants  inclined  thsi  the  velocities 
of  the  train  will  be  successively  1490  and  40-00 
miles  per  hour,  which,  for  10  carnages  besides 
engine  and  tender,  will  produce  a  resistance*  of  the 
air,  first  of  114  lbs.  and  afterwards  of  817,  or  at  a 
medium  465  lbs.  ;  and  on  the  level  portion,  at  the 
velocity  of  25- 10  miles  per  hour,  the  resistance  of 
the  air  will  be  only  319  lbs. 

We  are  then  finally  to  conclude,  from  the  divers 
researches  relative  to  ascents  and  descents,  coin- 
pared  with  the  same  length  of  road  traversed  on  a 
level  : 

That  on  a  system  of  ascents  and  descents,  the  work 
performed  by  the  gravity  of  the  train  in  descending 
an  incline,  may  compensate  the  work  required  from 
the  engine  by  that  same  gravity  in  ascending  the 
contrary  incline ;  but  that  in  taking  account  of  all 
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the  circumstances  of  the  motion,  the  average  •• 

of  the  engine  will  be  reduced,  its  average  load 
augmented,  and  the  duration  of  the  trip  increa 
whence  will  result  a  loss  of  time,  more  wear  and 
tear  of  the  engine,  and  an  increased  consumption  of 
fuel. 


Sect.  VII.  Of  the  means  of  ascending  inclined  plane* 
on  railwag*, 

From  what  has  just  been  Been,  inclined  planes  are 
always  a  great  obstacle  on  railways ;  they  diminish 
the  velocity   o!    the   conveyance,    and    .  i    the 

average  traction  of  the  engine.  Besides  this,  to  be 
enabled  tfl  afOBud  them,  it  is  necessary  to  reduce  the 
load  of  the  endues  In-low  what  they  could  draw  on 
I  level ;  and  we  have  seen  that,  with  regard  to  fuel, 
thr  anginal  work  to  greater  advantage  inasmuch  as 
their  load  is  greater.  Finally,  the  use  of  the  bl 
in  descending  inclined  planes  causes  rapid  desb 
tion  of  the  rails.  It  is  therefore  very  important,  in 
ihhahing  I  railway,  to  avoid  inclined  planes  as 
much  as  possible. 

When,  however,  inclined  planes  are  unavoidal 
there  are  four  nu m  ig  the  passage  over 

them:   1st,  by  e  .  a  stationary  steam  engine, 

which  performs  the  traction  of  the  tram  by  means 
of  ropes;  Sod,  by  employing  an  assistant  locomot 
mi-,   which    pushes   the  train  from  behind  i 
drives  it  to  the  summit  of  the  plane  ,  3rd,  by  raising 
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the  pressure  of  the  steam  in  the  boiler  of  the  engine 
so,  as  to  make  it  capable  of  a  greater  effort,  with  a 

proportionate  diminution  of  velocity ;  and  4th,  by 
reducing  the  load  of  the  engines  so  as  to  enable 
them  to  ascend  the  planes  without  additional  help. 

Stationary  engines  always  obstruct  in  some  way 
the  prompt  execution  of  the  work,  and  they  expose 
the  trains  to  accident,  if  the  rope  used  for  the  tree 
tion  should  happen  to  break.  Assistant  engines, 
which  want  a  fire  kept  up,  even  in  the  intervals  of 
their  work,  are  an  increase  of  expense  to  the  com- 
panies, and  consequently  oblige  them  to  raise  their 
prices.  The  augmented  pressure  in  the  boiler  is 
dangerous  to  the  safety  of  the  engines  and  the  pas- 
sengers. Finally,  the  diminution  of  the  load  is  a  loss 
to  the  companies,  since  more  trips  are  required  to 
perform  the  same  work. 

When,  therefore,  a  railway  contains  inclined 
plains,  m  have  only  the  choice  of  the  inconve- 
niences, and  it  is  only  by  an  attentive  examination 
of  the  circumstances  of  each  particular  case,  that 
the  best  mode  of  traversing  them  can  be  decided 
upon.  Some  general  ideas,  however,  on  this  sub- 
ject, may  be  formed  beforehand,  by  considering  the 
surplus  of  traction  required  by  a  given  inclination. 

1st.  On  a  plane  inclined  r,\0  the  gravity  of  1  ton 
is  22  lbs.,  that  is  to  say.  about  four  times  the  friction 
pro[>er  to  the  waggons.  The  resistance  opposed  to 
the  motion  becomes  then  immediately  live  times  as 
much  as  it  was  on  a  level.      Besides,  the  engine 
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must  overcome  its  own  gravity,  which,  tor  an  en 
of  12  tons,  amount-  to  269  lbs,  ;  but  as,  on  the  other 
hand,  the  diminution  of  the  velocity  of  the  train 
ascending  the  incline,  immediately  produces  a  ret 
tion  in  the  resistance  of  the  air  and  in  that  an 
from    the    Mast-pipe,    we  will    neglect   at   the  RUM 
time  these  Opposite  circumstances.    Tims,  the  tj 
as  Boon  as  it  reaches  the  foot  of  the  ascent,  offal 
alxmt  five  times  its  resistance  on  a  level  ;  and  con- 
sequently, if  the  engine  be  supposed   to  have   , 
viously  drawn  its  full  load  on  a   level     there  v.  ill 
need  five  cmrines  to  get  that  load  to  the  top  of  the 
plane.     Now,  it  is  nadily  conceived  that,  to  prevent 
the  expenses  from  becoming  too  great,  the  passage 
of  ascents  ought  in  no  case  to  require  more  than 
one  assistant  engine.    It  is  evident,  besides,  that 
can  take  place  on  an  inclination  of   (,',„,  only  when 
the   load   given  to  the  engines  is  limited  to  about 
half  what  they  could  really  draw  on  a  level  ;    for, 
beinir  once  arrived  at  the  foot  of  the  plane,  that  bad 
becoming  five  times  as  great,  will  be  lij  times  the 
maximum  load  of  which  the  engine  is  capable  ami 

ijiicntly  an  assisting  engine  somewhat  stroi 
than  the  tri]  will  suffice  to  drive  the  I 

to  the  summit  of  the  plane.     Thu*.  we  see  fii 
that  a  plane  inclined  ,,',„  may  be  traversed  bj 
of  one  assistant  engine,  provided  the  load  imposed 
on  the  engines  he  not  greater  than  about  ball  their 
maximum  load. 

2nd     Should  the  ascent   be  inclined   more  tl 
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-rfov,  it  might  still  indeed  be  traversed  with  a  single 
assistant  engine ;  but  then  it  is  obvious  that  the 
load  of  the  engines  on  a  level  must  be  reduced 
beklW  what  we  have  just  supposed  ;  and  there  would 
no  doubt  be  few  cases,  at  least  on  railways  destined 
to  the  simultaneous  conveyance  of  goods  and  pas- 
sengers, on  which  it  would  be  found  advantageous 
to  fix  the  load  of  the  engines  below  the  half  of  their 
maximum  load.  We  may  therefore  say  generally 
that  an  inclination  of  -r^j  will  be  nearly  the  limit  of 
ascents  on  which  assistant  engines  may  be  employed, 
and  that,  for  greater  inclinations,  recourse  must  be 
had  to  stationary  engines. 

3rd.  On  a  plane  inclined  yfoj,  the  gravity  of  a 
ton  is  750 lbs.,  and  consequently  the  total  resist- 
ance of  the  train  becomes  about  double  what  it 
would  be  on  a  level.  An  engine  may  then  without 
assistance  ascend  an  acclivity  of  that  inclination, 
provided  its  load  on  a  level  do  not  exceed  the  half 
of  what  it  might  be.  We  may  therefore  consider  a 
plane  of  this  inclination  as  being  nearly  the  most 
inclined  that  can  be  admitted  on  a  railway  without 
being  constrained  to  employ  assistant  engines. 

Thus,  we  are  led  to  the  following  general  con- 
clusions : — 

1st.  On  planes  whose  inclination  does  not  ex© 
yfay,   the   traction   may  be  performed  without  ad- 
ditional help  ; 

2nd.  On  inclinations  comprised  between  jfoj  and 
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TJr,,  it  will  generally  be  necessary  to  have 
to  assistant  engines ; 

3rd.  On  planes  more  inclined  than  yfaj,  it  will 
most  commonly  lx:  found  advantageous  to  employ 
stationary  engines. 

Nevertheless  we  here  repeat  that  tin  attentive 
filiation  of  the  circumstances  of  each  case,  can 
alone  fix  the  choice  in  a  decisive  maimer,  end  it  is 
only  with  a  view  to  indicate  how  that  examination 
should  be  proceeded  in,  that  \\c  have  entered  into 
the  foregoing  considerations. 


Sect.  VIII.   Of  the  best  line  for  a  railway  bri 
two  given  points. 

Finally,  before  terminating  this  chapter,  we  lia\. 
still  a  question  to  treat  of,  namely  l    the  choice  to 
be  made  between   divers   lines,  with  ascents  and 
descents,  proposed  for  a  railway  to  Ik-  established 
between  two  determined  jvoints. 

What  has  been  said  of  the  velocity,  the  duration 
of  the  trip,  and  the  effective  load  of  the  engines, 
on  a  system  of  ascents  and  descents,  includes  all  the 
elements  of  calculation  that  the  present  question  re- 
quires ;  for,  supposing  the  different  plans  executed, 
and  the  projected  lines  traversed  by  the  same  loco- 
motive  engine,  with  the  same  load,  we  may  imme- 
diately find  the  average  velocity  which  would  take 
place  on  each,  the  time  of  traversing  its  total  length, 
and.  lastly,  the  quantity  of  work  done  by  the  engine 
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the  conveyance  of  a  given  load  from  one  ex- 
tremity of  the  line  to  the  other.  This  question, 
therefore,  offers  no  remarkable  difficulty ;  hut  to 
facilitate  its  solution,  we  think  it  useful  to  explain 
more  precisely  the  proceeding  to  be  followed. 

In  order  to  solve  the  question  proposed,  the  fol- 
lowing way  may  he  used  : 

1st.  Since  the  nature  and  quantity  of  the  goods 
to  be  carried  are  known,  the  number  of  trips  per 
day  will  be  fixed  first  of  all,  and  consequently 
the  average  load  which  the  engines  will  have  to 
draw.  This  done,  in  recurring  to  the  considera- 
tions presented  in  Chapter  XIII.,  the  width  of  way 
to  be  adopted  will  be  decided  upon,  as  well  as  tin 
dimensions  and  weight  of  the  locomotive  engines 
to  which  it  may  appear  advisable  to  give  the  pre- 
ice. 

2nd.  A  Table  of  the  velocity,  the  time  of  tra- 
versing 1  mile,  and  the  load  on  a  level,  of  the 
engine,  when  passing,  with  its  train,  over  divers 
planes  more  or  less  inclined,  will  be  calculated. 

Afterwards,  having  the  section  ot  tin*  dim-rent 
lines  proposed,  one  of  them  will  be  adhered  to ; 
then  taking  successively  each  of  its  inclinations, 
and  seeking  in  the  Table  the  inclination  which 
approaches  nearest  to  the  one  considered,  there 
will  be  found  annexed  to  it  the  velocity,  the  time 
of  traversing  1  mile,  and  the  corresponding  load 
of  the  engine.  Consequently,  multiplying  the  time 
of  traversing  1  mile  by  the  length  of  the  plane,  we 
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shall   have  tlie  time  employed    in    traversing    thai 

plane;  and  multiplying  the  load  on  a  level,  by 
the  same  distance,  we  shall  have  the  quantity  of 
work  done  by  the  engine  in  traversing  the  plane 
in  question. 

Performing  therefore  the  same  operation  for  all 
the  different  planes  which  compose  the  line,  taking 
the  sum  of  all  the  partial  times  employed  to  d 
tin -i-  planes,  and  of  all  the  quantities  of  work  ex- 
ecuted by  the  engine,  we  shall  have  the  total  dura- 
tion of  the  trip  over  the  line  considered,  and  the 
total  work  done  in  the  conveyance  of  the  load  B 
one  end  of  that  line  to  tin-  oilier. 

Thus,  operating  in  the  same  manner  for  the  dif- 
ferent lines  proposed,  we  shall  have  the  total  dura- 
tion of  thfl  trip  over  each  of  them,  and  the  quantity, 
of  work,  in  tons  drawn  1  mile  on  a  level,  done  by 
tlic  engines  in  the  conveyance  of  the  determined 
load  between  the  two  given  points.  Afterwards, 
multiplying  this  last  number  by  the  amount  of  the 
expense  of  draught  per  ton  per  mile  on  a  level,  as 
will  be  indicated  in  the  Appendix,  we  shall  have 
the  expense  necessary  for  the  traction  on  the  lil 
lidding  thereto  the  other  accessory  expenses,  which 
will  likewise  hereafter  l>c  given,  we  shall  conclude 
the  total  ex|)ense  of  working  the  line ;  and  lastly , 
computing  the  interest  of  the  capital  necessary 
the  execution  of  each  line,  and  adding  it,  we  shall 
have  the  total  amount  of  expense  corresponding  to 
each  line  proposed. 
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Thus,  with  regard  both  to  the  duration  of  the  trip 
between  the  two  given  points  and  tin;  expense-  of 
the  work,  every  means  will  be  afforded  of  com- 
paring together  the  different  lines  projected. 

To  show  the  manner  of  forming  the  practical 
Table  just  mentioned,  we  will  suppose  to  have  been 
adopted  a  way  5  feet  wide,  an  average  load  of  50 
tons  gross,  exclusive  of  tender,  and  a  locomotive  of 
65  cubic  feet  of  vaporization  with  the  dimensions 
indicated  in  Article  111.  Chapter  XII.,  excepting  the 
pressure  in  the  boiler,  which  we  will  suppose  70  lbs. 
pec  square  inch.  With  these  the  following  Tables 
will  be  formed,  and  employed  as  has  been  indicated 
above. 


CHAPTER    XVII. 


«   e   c   o   o 


'O-CIf  i. 


—  — ci 


: »  r-  <« —  «r 

e<  e«  c«  «  « 


a  rt  «o  «*»  r>  ~  ~  ?:  «o  '^  o    t    : 

■9  ci  ci  ji  ci  *i  n  n  »  n  -r 


I.  JICI»» 


•  •  '  -S3822 


'a  >«  «  ci  —  c  s>  •*  &  o  -r    *    * 

J  Cl  -I  CI  Cl  fl  - 


fS-H-HB-E-K 


C'li 


fHAITBl; 


lu  making  (he  requisite  comparisons  between 
different  lines  proposed,  the  iilwve  Tables  may  be 
used,  without  calculating  them  again  especially  lor 
each  case.  It  must  only  be  observed,  that  tin 
are  strictly  exact  for  the  case  of  a  way  5  feet  wide, 
a  load  of  50  tons,  and  an  engine  similar  to  the  engine 
supposed.  Consequently,  in  the  question  of  a  rail- 
way on  which  other  loads  or  other  engines  are  in- 
tended, the  comparison  by  means  of  these  Tables 
must  no  longer  be  considered  in  any  other  light  than 
as  an  approximation,  that  may  require  to  be  con- 
tinued by  an  ulterior  calculation.  In  the  case  then 
wherein  such  confirmation  should  seem  necessary, 
the  calculation  must  be  repeated  with  more  pre- 
cision, taking  for  each  proposed  line  its  true  inclina- 
tion, and  applying  even  to  each  line  the  width  of 
way,  the  load,  and  the  locomotive  likely  to  give  the 
most  advantageous  results.  For  those  calculat  i 
we  refer  to  what  has  been  said  in  the  different 
sections  of  this  chapter. 

In  the  preceding  Tables  we  have  supposed  the 
engine  to  have  help,  as  60on  as  its  velocity,  on  the 
ascents,  should  lower  to  about  15  miles  per  hour. 
the  action  of  the  steam  to  be  suspended,  on 
descents,  as  soon  as  the  velocity  should  tend  to  ex- 
ceed about  30  miles  ;  and,  lastly,  the  brake  to  be 
used,  to  limit  the  speed  to  that  rate,  on  all  descents 
whereon  the  tram*  would  of  themselves  assume  too 
rapid  a  motion.  These  are,  in  fact,  the  limits  ge 
rally  adopted  on  railways  at  this  time. 
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OF  CURVKS. 
I.    Of  the  effects  of  curves  on  railways. 

Curves  in  railways  present  inconveniences  which 
are  by  so  much  the  greater  as  their  degree  of  curva- 
ture is  greater. 

These  inconveniences  are  of  three  kinds:  1st. 
When  a  waggon  moves  in  a  curve,  the  wheel  which 
follows  the  outer  rail  necessarily  goes  over  more 
ground  than  that  which  follows  the  inner  rail. 
Now,  in  waggons  at  present  in  use,  the  two  wheels 
of  the  same  pair  arc  not  independent  of  each  other, 
but  are  fixed  invariably  on  the  axle  which  turns 
with  them.  Therefore  the  distance  described  by 
the  one  cannot  be  less  than  the  distance  described 
by  the  other,  except  the  latter  be  drawn  without 
turning  over  the  difference  between  the  two  distances 
to  be  described.  This  is  in  consequence  an  addi- 
tional resistance  offered  to  the  motion. 

2nd.  The  centrifugal  force  created  in  the  passage 
of  the  curve,  by  virtue  of  the  velocity  of  the  motion, 
may  urge  the  waggons  outwards,  so  far  as  to  pro- 
duce a  contact  and  consequently  a  friction  of  mora 
or  less  energy  of  the  flange  of  the  wheel  against  the 
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outer  rail;  and  the  resistance  produced  by  tins 
cause  is  much  more  injurious  than  the  former  one, 
because  the  friction  takes  phut-  on  the  whole  ol  tin 
distance  performed  hy  the  wheel,  and  not  merely  on 
thfl  ii.il,-,  ooe  of  the  distances  performed  hy  the  two 
wheels. 

3rd.  Finally,  the  centrifugal  force  of  the  motion 
may  he  such  as  not  only  to  press  the  flange  of  t  he- 
outer  wheel  against  the  outer  rail,  hut  hv  pushing 
the  wheel  violently  in  a  direction  tangential  to  the 
curve,  it  may  drive  the  flange  of  the  wheel  over  the 
rail,  and  thus  throw  the  train  out  of  the  rails. 

We  are  ahout  to  consider  successively  these  dif- 
ferent effects  of  curves. 


Sect.  II.  Of  curves  the  resistance  of  which  is  cor- 
rected by  the  conical  inclination  of  the  wheels  of  the 
waggons. 

The  waggon  wheels  in  use  on  railways  are  not  of 
a  cylindrical  form.     On  railways  of  ahout  .r»  feet 
width  of  way,  they  are  made  of  3  feet  in  diam 
at    their    inner  edge,   Dear  the  flange,   and    9 
1  1    inches  at  their  outer  edge.     The  wheel  is  ori- 
ginally    cylindrical,   hut   the   conical    inclination    is 
produced  hy  the  addition  of  a  tire  or  hand  of  wrought 
iron,  which  gives  to  the  wind  its  definitive  diameter, 
and  whose  thickness  on  one  side  is  half  an  inch  less 
than  on  the  other.     Figure  29  represents  the  sh 
of  this  tire  on  a  scale  of  J  of  its  real  size.     Tin 
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width  of  the  tire  being  3A  inches,  its  conical  inclina- 
tion is  i  inch  on  3$  inches,  or  ^. 

Tlir  original  object  of  this  form  of  wheel  is  to 
prevent  a  strong  side  wind,  or  the  accidental  de- 
pression of  one  of  the  rails,  from  driving  the  wag- 
gons on  one  side  of  the  road,  and  thereby  producing 
a  friction  of  the  flange  of  all  the  wheels  of  that  side 
against  the  lateral  surface  of  the  rail,  that  is  to  say, 
a  considerable  resistance  against  the  motion.  By 
means  of  the  above-mentioned  disposition,  this 
lateral  displacing  of  the  train  becomes  more  dif- 
ficult ;  and  if  nevertheless,  from  any  cause,  it  do 
take  place,  and  the  waggons  have  been  momentarily 
thrown  on  one  side  of  the  railway,  the  wheels  on 
that  side  immediately  increasing  in  diameter,  begin 
to  advance  quicker  than  those  on  the  opposite  side, 
and  consequently  bring  back  the  train  to  its  normal 
position  between  the  rails. 

The  conical  inclination  of  the  wheels  suffices,  of 
itself,  to  remedy  the  inconveniences  of  the  passage 
over  curves,  when  the  degree  of  curvature  of  the 
latter  does  not  exceed  certain  limits.  In  etieet.  if 
the  two  rails  of  the  road  be  supposed  exactly  level 
one  with  the  other,  it  is  plain  that  in  the  passage 
along  the  curve,  the  centrifugal  force  ol  the  motion 
will  drive  the  waggon  towards  the  outer  rail.  But 
gradually  as  the  waggon  is  thus  laterally  displaced, 
the  wheel  on  the  outer  side  turns,  by  reason  of  its 
conical  form,  on  a  circle  of  still  greater  and  greater 
diameter,  and  the  inner  wheel,  on  the  contrary, 
turns  on  a  diameter  still  le*«  and  less.     In  this  state 
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which  is  the  expression  of  the  centrifugal  force  for  a 
hody  of  a  given  weight  P,  set  in  motion  with  the 
velocity  V,  in  a  curve  whose  radius  of  curvature 
up. 

In  this  expression,  g  is  the  accelerating  force  of 
gravity,  or,  as  is  well  known,  douhle  the  space 
described  in  the  unit  of  time  by  a  falling  body  in  a 
vacuum.  Taking  the  second  as  the  unit  of  time,  and 
the  English  foot  as  the  unit  of  space,  we  have 
g  =  33.  Referring  then  to  the  same  units  the 
velocity  V  and  the  radius  of  curvature  p,  we  shall 
have  the  measure  of  the  centrifugal  force  expressed 
by  its  ratio  to  the  weight  P,  or  represented  by  a 
weight.  For  instance,  if  the  velocity  of  the  motion 
be  20  miles  per  hour,  or  293  feet  per  second,  and 
the  radius  of  curvature  be  500  feet,  the  centrifugal 
force  will  be 


/=PX 
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that  is  to  say,  in  this  case  the  centrifugal  force  will 
be  ^  of  the  weight  of  the  moving  body. 

It  clearly  appears  that,  when  the  velocity  of  the 
motion  and  the  radius  of  the  curve  are  known,  the 
centrifugal  force  which  urges  the  body  out  of  the 
curve  is  easily  found.  We  now  pass  on  to  the  cen- 
tripetal force  produced  by  the  inequality  occasioned 
in  the  wheels  of  the  waggon,  by  virtue  of  its  lateral 
deviation. 

When  two   wheels   joined   invariably  together   by 
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the  same  axle,  roll  on  unequal  orcumffereni 

in  other  words,  cease  to  be  equal  to  each  other,  il 
is  clear  that  instead  of  together  forming  a  cylinder 
lli;  v  form  a  rolling  cone.  If  ab  and  cd  (fig  30] 
represent  the  respective  diameters  of  the  two  wheels, 
and  the  extremities  of  those;  diameters  be  joined  by 
straight  lines,  these  will  meet  at  a  certain  point  o, 
which  will  be  the  vertex  of  the  rolling  cone  formed 
by  the  two  wheels ;  and  the  motion  of  the  waggon 
borne  on  the  two  wheels  will  be  the  same  as  that  ol 
the  cone  cod. 

But  when  a  cone  or  frustum  of  cone  is  laid  flat, 
or  along  one  of  its  generative  lines,  on  a  horizontal 
plane,  and  it  is  urged  onward  by  a  force  applied 
at  it-  ciiil re  of  gravity,  suppose  at  m,  it  tends  ta 
assume  a  circular  motion  round  its  vertex  o ;  and  il 
we  wisli  to  prevent  it  following  that  enure,  and 
make  it  move  straight  forward,  the  force  to  be  ovi 
come  will  be  a  force  precisely  equal,  and  contrary  to 
that  which  it  would  be  necessary  to  apply  to  a  body 
directed  in  a  straight  line,  to  curve  its  direction 
according  to  the  circumference  of  the  circle  described 
by  the  point  rci  round  the  point  o.  Now  that  force 
is  the  centrifugal  force  in  the  circle  whose  radius  is 
oro.  Denoting  then  by  p  the  radius  of  that  circle, 
which  depends  on  the  difference  of  diameter  of  the 
two  wheels,  and  preserving  the  other  notatic 
as  above,  the  centripetal  force  thus  created  by 
motion  of  the  cone,  will  have  for  its  value 
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Moreover,  putting  D'  and  D"  for  the  respective 
diameters  of  the  two  wheels,  and  $  for  the  width  of 
the  road,  or  the  space  which  separates  the  wheels, 
it  is  plain,  from  the  figure,  that  we  have  the  pro- 
portion 

whence  we  derive 

.     •     D"+  D' 
p      2  '  IT-  D' " 

But  on  the  other  hand,  if  the  tire  of  the  wheel  is 
inclined  $,  as  has  been  shown  above,  every  inch  of 
lateral  deviation  of  the  waggon,  will  produce  in  the 
wheel  a  difference  of  radius  of  |  inch,  or  a  difference 

of  diameter  of  \  inch.     More  generally,  if  -  express 

(I 

the  inclination  of  the  tire  of  the  wheel,  a  deviation 
of  the  waggon  expressed  by  X  will  produce  in  the 
wheel  a  difference  of  diameter  expressed  by 

2x 
a 

So  that  if  D  represent  the  original  diameter  of  the 
wheel,  and  D'  its  diminished  diameter,  corresponding 
to  the  deviation  X,  we  have 

D-D'=— ; 

a 

and  similarly,  the  opposite  wheel  will  receive  an 
increase  of  diameter  expressed  by 


V_>s 
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But  by  adding  and  subtracting  these  two  equat 
wc  have 


D'  -  D'= 


4\ 


and 


D"+  D'=  2  D. 


Hence,  finally,  the  centripetal  force  al>ove,  prodi 
by  a  given  lateral  deviation  X,  is  expressed  by 

g  atD 

Thus,  we  have  the  centrifugal  force  prodm 
the  waggon  by  the  fact  of  its  motion  in  the  curve, 
and  the  centripetal  force  produced  in  the  same 
waggon  by  the  conical  inclination  of  its  wheels. 
But  it  is  to  be  observed,  that  the  former  of  these 
forces  is  constant  for  a  given  train,  curve,  and 
velocity ;  whereas  the  second  varies  with  the  lateral 
deviation  x  of  the  waggon.  As  soon  then  as  the 
waggon  enters  the  curve,  the  centrifugal  force  will 
begin  to  exert  its  effect ;  it  will  drive  the  train 
towards  the  outer  rail ;  a  certain  deviation  x  will  be 
produced,  and,  as  its  consequence,  a  centripetal  force 
which  will  increase  more  and  more.  But  since  the 
centrifugal  force  is  constant,  whereas  the  centripetal 
farce  on  the  contrary  is  increasing,  and  as  these  two 
forces  act  in  contrary  directions  on  the  waggon,  ti 
will  quickly  settle  at  a  point  where  thev 


will  hold 
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each  other  in  equilibrium.  Then  the  waggon  will 
cease  to  obey  the  centrifugal  force,  and  will  no 
longer  be  driven  out  of  tlir  curve. 

The  point  at  which  the  two  forces  will  be  equal  is 
given  by  the  equation 

P   V"      P   v* 


or 


q         aeD 


which  -iv*'- 


p  =  p,  or  x  = 


aeD 


As  scon  as  the  lateral  deviation  of  the  train  shall 
have  attained  this  point,  it  is  clear  that  the  waggons 
will  continue  their  motion  without  having  any  ten- 
dency to  leave  the  rails,  that  is  to  say,  not  only 
without  risk  of  being  thrown  off  the  road,  but  even 
without  the  flange  of  the  wheels  being  brought  into 
contact  with  the  outer  rail.  Besides,  since  we  have 
at  the  same  time  p '=  p,  that  is  to  say,  since  the 
vertex  of  the  fictitious  cone,  formed  by  the  system 
of  the  two  wheels,  will  coincide  with  the  centre  of 
the  curve,  it  is  evident  that  the  waggon  will  turn 
exactly  with  that  curve  without  any  dragging  of  one 
of  the  wheels  on  the  rail. 

Thus,  on  all  curve*  on  which  the  waggon  may  be 
sufficiently  displaced,  the  effect  of  the  curve  will  be 
corrected.  But  in  the  construction  of  railways,  it  is 
usual  to  give  but  half  an  inch  of  play  to  the  wag- 
gons, on  each  side,  on  the  railway  ;  that  is  to  say, 
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that  during  the  normal  position  of  the  waggon 
between  the  rails,  the  beginning  of  the  flange  of each 
wheel  is  $  inch  from  each  rail.  The  greatest  value 
therefore  that  can  be  given  to  \,  without  making  the 
Binge  of  the  wheel  nib,  is  |  inch,  or  '0417 foot  ; 
consequently  the  utmost  curve  that  can  l>e  remedied 
by  the  conical  inclination  of  the  wheels,  will  In- 
given  by  the  value  of  p  which  corresponds  to  that 
maximum  deviation,  in  equation 

opD 

king  then   this  suhstitution,   and   i 
the  MOM  tune  »,  0  and  D  by  their  ordinary  values, 

namely,  -  =  |,  «  =  470  feet,  and  D  =  3  feet,  we 
a 

have  for  the  least  possible  radius  of  curvature, 

?"=  592  feet 

GSonteqnently,  it  appears  that  with  the  conical  in- 
clination adopted,  of  }  for  the  tire  of  the  wheel, 
and  the  piny  <>f  the  waggons  4  inch  on  the  raih  on 
each  side,  there  may  be  constructed  on  rail 
curves  of  600  feet  of  radius,  without  the  flange 
the  outer  wheels  of  the  waggon  being  exposed  to 
t&uch  the  rails  on  that  side.  As,  however,  this 
result  supposes  the  two  rails  exactly  level  with 
each  other,  and  that  there  might  occur,  (hiring 
the   work,  an  accidental   depression  of  the  01 

which  would  expose  the  flange  of  thi 
on  that  side  to  rub  against  the  rail,  we  will,  for 
great'  limit  the  foregoing  result  to  curves 

having  1000  led  of  radius. 
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It  must  however  be  added,  that  there  exists,  in 
the  passage  of  curves,  a  particular  cause  of  re- 
sistance which  we  have  not  yet  treated  of,  and 
which  subsists  notwithstanding  the  conical  inclina- 
tion of  the  wheels.  It  consists  in  this,  that  the 
two  axles  of  each  waggon  are  parallel  to  each  other, 
whereas  for  the  wheels  to  turn  freely  along  the 
curve,  like  the  cone  to  which  we  have  assimilated 
them,  the  two  axles  ought  to  be  convergent,  on 
the  side  of  the  centre  of  the  curve,  and  Ought  to 
concur  precisely  to  that  point.  But  as  long  as  the 
<|ii!  stion  regards  only  curves  of  1000  feet  of  radius, 

this  circumstance  mn  very  well  be  neglected.  In 
effect,  the  width  of  the  way  being  5  feet  or  ?l„  of 
the  radius  of  the  curve,  it  is  plain  that  for  the  axles 
to  converge  to  the  centre  of  the  curve,  their  distance 
apart,  on  the  side  of  the  inner  rail,  should  l>c  j^g 
less  than  on  the  side  of  the  outer  tail.  Now-  the 
distance  between  the  axles  in  their  parallel  position 
is  about  5  feet  or  GO  inches  •  the  inclination  suitable 
t0  thflOQ  would  then  be  ..,',,,  ol  HO  inches  or  M-tcnths 
of  an  inch;  and  this  small  quantity  i-  to  he  dr. 

into  quarters  between  the  four  extremitim  of  the 

axles,  which  would  make  "-hundredths  of  an  inch 
at  each  of  these  points.     But  as  small  a 

measure  is  quite  inconsiderable  in  practice,  Ittd 
as,  besides,  the  flexibility  of  the  ipringSOfl  which  the 

uxles  arc  mounted  easily  yields  to  so  lllghl  I  I 

ation,  we  deem  it  perfectly  neediest  to  dwell  on  this 

circumstance.    Curves  then-ton-  oi  nut  h 
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than  1000  feet,  may  without  inconvenience  be  con- 
structed on  railways. 

By  augmenting  the  play  of  the  waggons  on  tin 
railway,  or  the  conical  inclination  of  the  wheels, 
this  faculty  might  be  extended  to  curves  of  ban 
radius  -,  but  as  it  might  bfl  apprehended  that  tin- 
result  would  be  a  continual  rocking  of  the  waggons 
during  their  motion  on  the  straight  parts  of  the 
railway,  wc  limit  our  *i0VH  lure  to  the  determining 
of  the  curvature  which  is  possible  in  the  present 
state  of  things. 


Sect.  III.  Of  the  superelevation  of  the  outer  rail  to 
be  employed  in  curves  whose  curvature  is  not  cor- 
rected by  the  conical  inclination  of  the  wheels. 

From  what  has  just  been  seen,  if  a  curve  had  a 
radius  of  curvature  less  than  1000  feet,  and  if 
nothing  else  were  changed  in  the  ordinary  disposition 
of  the  rails,  the  flange  of  the  outer  wheel  might  come 
in  contact  with  the  rail  on  that  Bide,  before  the 
proper  deviation  of  the  waggon  could  oppose  a  suffi- 
cient counterweight  to  the  centrifugal  force  which 
produces  that  motion.  The  result  would  be  not 
only  a  friction  of  the  flange  against  the  rail,  but  a 
possibility  of  the  train  itself  being  thrown  off  the 
rails.  It  will  therefore  Ik-  proper  to  consider  what 
are  the  means  of  preventing  that  effect. 

Now  it  is  evident  that  by  giving,  throughout  the 
curve,  a  superelevation  to  the  outer  rail  above  the 
inner,    wc  shall    make    the    railway    form   a   plane 
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inclined  in  the  direction  of  its  width.  The  waggons 
placed  on  this  inclined  plane  must,  by  virtue  of  their 
gravity,  slide  towards  the  inner  rail,  which  is  the 
lowest.  On  the  other  hand,  the  centrifugal  force 
drives  them  towards  the  outer  rail,  which  is  higher. 
Wc  therein  then  create  a  counterpoise  to  the  centri- 
fugal force.  Thus,  by  this  disposition,  we  are  enabled 
to  prevent  the  waggons  being  thrown  off  the  line. 

But  it  is  to  be  remarked,  that  since  the  waggons 
.ilwavs  deviate  half  an  inch  laterally,  without 
the  flange  of  the  wheel  touching  the  rail,  this  de- 
viation must  first  be  taken  advantage  of  to  balance 
a  portion  of  the  centrifugal  force.  It  is  simply 
then  the  remainder,  or  the  difference  between  the 
centrifugal  force  and  the  centripetal  force  arising 
from  the  greatest  deviation  of  the  waggons,  that 
we  need  counteract  by  means  of  the  superelevation 
of  the  outer  rail. 

If  we  denote  by  y  the  superelevation  of  the  outer 
rail  above  the  inner,  since  e  expresses  the  width  of 
the  way,  the  inclined  plane  on  which  the  waggons 
are  placed,  during  the  passage  of  the  curve,  will  lie 

inclined   £  ;    and  consequently    the    gravity    of  the 

iraggons  will  draw  them  towards  the  iimu  raj]  v.jih 
the  force 

Px*. 

e 
Now  it  is   required   that   this   force,  joined    to    the 
centripetal  force  due  to  the  greatest   possible  de- 
viation of  the  waggons  on  the  rails,  hold  the  eentri- 
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e      g      p       g 


hi-ral  force  in  equilibrium.  Calling  then  p  the  radius 
of  ClirvatllN  corresponding  to  the  greatest  lateral 
deviation  of  the  waggons,  as  was  found  in  the  pre- 
ceding section,  we  shall  have 

P    V1     P    V» 

> 

P 

which  gives 

V  VI        l\ 
y  =  e      f ,). 

9  v/>      P/ 
Consequently,  substituting  for  p  its  value  already 
fbltnd,   p'=\OQO    feet,   and    at    the   MUM    time    re- 
placing e   and    «/    by    their    corresponding    value-., 

namely,  r  =  4-7u  feel  and  y  =  33  feet,  it  is  p 

that,  for  every  curve,  it  will  be  easy  ti>  (letermine 
uperelevation  to  be  given  to  the  outer  rail,  to 
counterbalance  the  centrifugal  force,  and  to  displace 
the  waggon  as  much  as  may  be  possible,  without 
however  making  the  rlange  of  the  out*  i  I  rub 

against  the  rail. 

It    must    however   be   added    here,  that    as    | 
necessary   superelevation,   or  the   value  of  y,   in- 
creases in  the  ratio  of  the  square  of  the  vela 
of  the   motion,    it    is    indispensable   to  calculate 

not  for  the  average   velocity  of  the  motion,  but 
for  the   greatest    velocity   the   trains  can  acquire 
Otherwise  the  superelevation  of  the  rail  would  no 
longer  suffice  for  cases  of  very  great  velocity 
accidents  might  happen  in  the  curves. 

Performing  the  calculation  for  different  velocities, 
and  for  a  railway  ■>  feet  wide,  we  obtain  the  follow- 
ing mall  - 


of   ctu. 


Fable  of  the  superelevation  to  be  given  to  the  outer  rait  in 

curves. 


■">;'     .!..'     hi  riiri)  r..  .;. 

JUftiii* 

ii S  Ibc 

DMifitftTmn  of  tfcr  »•*. font 
*inl  the  w*y. 

..(  Um 

■OOOOi  in  mil*.  |..r  ln.ur.  hctagl 

'ii  ...il>  -    :iOnnl»>. 

Mmllra.'suimlra. 

fwi. 

iacbc*. 

Ml.  Il'- 

incite*. 

Waggon  with  wheel*  3  feet 

la  .liainctrr. 

900 

•16 

•37 

'68 

W7 

Vti.lll,  ,,l    ...,v,    !7(l  f.vt. 

nao 

-.17 

■Ml 

1«7 

2-30 

331 

l*lu»  of  Mtamc'iin,  ..ii  Hi.  rail 

.  700 

-63 

1    I'J 

i-M 

391 

„ 

way,  on  earn  «idc.  5  inch. 

600 

■!>* 

1  1] 

|<9fl 

„ 

*t 

Inclination  of  tlie  tire  of  tlir 

500 

l'« 

3-31 

,, 

•  > 

*• 

nbori,  f- 

- 

When  the  outer  rail  of  a  curve  lias  this  super- 
elevation, it  i<  clear  that,  if  a  train  of  waggons 
traverse  the  curve  at  the  maximum  velocity  for 
which  the  superelevation  has  been  calculated,  the 
train  will  deviate  laterally  as  far  as  the  rise  of  the 
flange  of  the  wheel,  and  will  continue  its  motion 
in  that  position  to  the  cud  of  the  curve,  since  the 
divers  forces  then  applied  to  the  waggon,  either  to 
drive  it  outwards,  or  to  bring  it  back  within  the 
mrve,  will  hold  each  other  in  equilibrium.  There 
will  be  no  risk  of  accident  then  to  fear;  but  the 
resistance  of  the  train  will  be  greater  than  on  a 
railway  in  a  straight  line.  In  cflect,  the  curve 
traversed  will  have  a  radius  expressed  by  p,  and 
the  rolling  cone,  formed  by  the  conical  inclination 
of  the  wheels,  will  have  tin-  radius  />',  which  is 
greater.  For  the  cone  to  roll  of  itself  along  the 
curve,  making  the  wheels  describe  distances,  un- 
equal in  the  same  proportion  as  the  lengths  of  the 
outer  and  inner  rails,  it  would  be  necessary,  as  has 


hat    tl 
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been  seen  above,  that  p  should  be  equal  to  p.  The 
dragging  of  the  wheels  will  therefore  take  | 
the  difference  between  the  circumferences  described 
with  the  radii  p'  and  p.  The  parallel!  -m  of  the 
axles,  besides,  will  have  an  effect  by  so  much  the 
greater  as  the  radius  of  the  curve  is  smaller.  Tlie 
superelevation  of  the  rail,  such  :is  we  have  d< 
mined  it  above,  is  then  to  be  considered  as  rendei  ing 
impossible,  in  the  regular  state  of  things,  that  the 
train  should  be  thrown  off  the  rails,  and 
destroying  all  increase  of  resistance  in  tty 
of  curves.  Some  ingenious  means  have  been  pro- 
posed to  attain  this  latter  result,  but  as  they  an 
yet  sufficiently  confirmed  by  experience,  we  refc 
the  reader  to  the  puhlieations  in  which  their 
ventors  have  develoj>ed  the  advantages  to  be  de- 
rived from  them. 

We  will  however  observe  that,  in  general,  the 
ciilv  object  of  all  the  modes  proposed  for 
curves,  is  to  obviate  the  inconveniences  which  they 
offer  in  the  normal  state  of  things.  But  a  rail 
broken  or  accidentally  raised,  a  stone  fallen  on  the 
road,  an  axle  or  a  wheel  broken  always  present 
chances  of  much  more  serious  accidents  on 
than  on  the  straight  line. 
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KXPENSK*    OK    II A  VI.  AUK    HY    LOCOMOTIVE    ENOINE8 
ON     RAILWAYS. 

To  complete  tin-  knowledge  of  locomotive  engines,  it  still 
remains  to  consider  tOOO  VPflfa  regard  to  their  economj  j 
i  hut  is  to  say,  to  examine  the  amount  of  tin  iwpi-nses 
attending  the  haulage  by  means  of  locomotive  engines 
on  railways.  This  research  will  be  the  object  of  the 
present  Appendix. 

We  dull  draw  the  documents  we  have  to  present  on 
(bit  Mil.ji-i-1  from  the  two  most  ancient  CBtOrpriMB  of  the 
kind  in  England:  the  Liverpool  and  Munrhesirr.  md  tin' 
Stockton  and  Darlington  Railways.  They  will  have,  be- 
sides, the  advantage  of  presenting  examples  of  two  very 
different  sorts  of  conveyance:  the  one  rapid,  and  prin- 
cipally composed  of  passengers;  the  other  slow,  and 
consisting  of  goods. 

\\Y  shall  divide  the  expenses  incident  to  locom 
engines  on  railways  in  the  following  manner : 

The  repairing  and  maintaining  of  the  engines,   i 
consumption  of  fuel,  and   the   expenses   for  conducting 
them,  constituting  together  the  expenses  for  locomotive 
power,  properly  so  called; 

The  expenses  for  the  maintenance  of  the  way  ; 

The  office  expenses  and  contingencies,   which,  united 

2  N 
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preceding]  give  the  tnial  expense  of  the  haulage 

by  melius  of  locomotive  engines  on  railways ; 

E  mally,  wc  shall  conclude  with  a  glance  at  the  receipts 

•nd  villi  the  exj>cnses,  which  will  show  the  profit* 

•rising   from    these   enterprises,   to   the   companies    who 

carry  thma   uto  execution. 

In  treating  of  these  various  subjects,  throughout   tins 
Appendix,  we  shall  give  the  amount  of  expenses  per  torn 
ffrosn,  Uiat  is,  including  the  weight  of  the  waggon  which 
conveys  the  goods.     This  is  the  most  accurate  met 
since  it  refer*  to  the  effort  r.  illy  exerted  by  tlie  engines, 
mill  to  the  weight  effectively  borne  by  the  rails;  em 
HI  little,  as  regards  the  engine  or  the  rails,  whe 
in  this  total  weight,  a  half  merely  or  any  other  proportion 
be  composed  of  merchandise  or  useful  weight.     It   will 
afterwards  be  easy,  on   any  line  of  road,  to  dedun- 
cost  of  conveyance  per  ton  of  gooth,  when  oner,  m 

knowledge  is  obtained  of  the  weight  of  the  waggon 

compered   with   thai   of  the   low!.     In   the   weight   of  a 

loaded  waggon,   generally,   the   load   is    two-tliirds,    the 

waggon  one-third,  which  establishes  at  J  the  ratio  of  the 

live  tons,  or  tons  of  useful  weight,  to  the  tons  gross. 


Sect.  I.  Erpentefor  repairg  of  locomotive  engine*. 

Among  the  expenses  just  enumerated,  that  which  will 
naturally  first  engage  our  attention   is  penea    for 

the  MlgfrWi  in  repair. 
Before  we  enter  into  any  calculations  on  that  head,  il 
necessary  to  mention  that  what  is  meant  by  repairs  t-> 
engines,  is  nothing  leee  than  their  complete  re-construc- 
tion ;  that  is  to  say,  when   an   engine  goes  into  repair, 
s  it  l>c  for  some  trifling  accident,  it  is  taken  to  pieces) 
and  e  new  one  is  constructed,  which  n  same 

name  as  the  first,  and  in  the  construction  of  which  are 
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made  to  serve  all  such  parts  of  the  old  engine  as  are  still 
capable  of  being  used  with  advantage.  The  consequence 
of  this  is,  that  a  re-constructcd  or  repaired  engine  is 
literally  a  new  one.  The  repairs  amount  thus  to  con- 
siderable sums,  but  they  include  to  a  great  extent  tbe 

newal  of  the  engines. 

According  to  the  Tables  at  the  end  of  this  work,  it  will 
1><  NQ  that  in  the  year  ending  on  the  30th  of  June,  1S34, 
i  In'  repatn  Of  the  engines  of  the  Liverpool  Railway  cost — 

From  June  30.  to  December  31,  1833. 
Materials  fur  repairs  ....  £3.755    3    7 

Workmen 4.401     4  10 

Repairs  out  of  the  establishment         613    3    9 

£8.769  12    2 

From  December  31,  1833,  to  June  30,  1834 

Material* £4.140  19    6 

Workmen 6,432    8    8 

9.573     8    2 

£18.343     0    4 

The  question  is  now  what  was  the  work  executed  by 
those  engines  (faring  ili.it  interval  :  Now,  referring  tOthfl 
same  Tables  which  will  be  found  below,  it  will  be  seen 
that  the  goods  conveyed  on  the  line  during  the  year 
were — 

Between  Liverpool  and  Manchester 139,328 1. 

On  pBrt  at  tin'  I'm.-,  making  an  average  of  15  miles.' 

24.934 1„  which,  on  the  whole,  i»  equal  to   .     .     .       12.467 

Total     .     .     .     151.795 1. 

In  tbe  Tables  just  mentioned,  there  appears  indeed 
some  other  haulage  executed,  such  as  goods  for   Bolton 

1  The  distance  to  which  the  Compiiny  carrie*  the  Wigaii  und 
Warrington  goods,  which  form  the  principal  part  of  this  article  i- 
I  j  miles. 
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mid  coal  for  several  places  along  the  lin 

is  ilonc  by  engines  which  do  not  In-long  to  tin-  Company, 

»o   Qui   their  repair*  are  not  included   in   Hi.'  full. 

report*;,  and  for  that  reason  we  do  not  take  it  into  m 

in  tli 

The  above  weight  is  that  of  the  goods  0 
which  must,  he  added  the  weight  of  the  i 

i.iilway.  the  average  load  carried  on  a  waggon  is  3"5  U, 
noil  the  waggon  itself  weighs  Tat-;  «o  the  w  igbl  of  Um 
carriages  that  served  for  the  above-mentioned  tonnage  "ill 
be  known  by  multiplying  the  number  obtained,    by    the 


o, 


ratio    -•     And  as,  moreover,  the  engines,   for  want 

sufficient  returning  traffic,  are  obliged  to  bring  bock 
the  waggons  empty  in  one  of  the  two  dire  ' 
the  whole,  we  shall  have  for  the  yrot*  weight  drawn  by  the 
i  :i:.iiies  in  the  course  of  the  year — 

.     151.71 
.'26-1 


Weight  ■  if  the  goods 

Wei„-hi  >if  the  corresponding  waggons 
Weight  of  the  waggon*  brought  bock  empty 


1,1141 


This  is  the  tonnage  of  the  goods,  to  \vl 
■dded  that  of  the  travellers.     In  the  course  of  I 
415,749  travellers  were  conveyed  from  one  eit\ 
other   in    6570   trips.'      This   makes   an   average   of 
travellers  per  train.     The  coaches  required  fur  that  num- 
ber of  travellers,  incta  arriogcw  ndd> 
each  train  to  be  ready  for  any  ^(irriagen 
of  the  first  class,  or  five  of  the  second.' 


1  This  i*  the  numb  I       traveller*  Inscribed  in  the  ( 

pony's  books.  It  inelodea  neither  the  travellers  put  down  nor 
those  taken  up  on  the  m«d,  the  numbers  of  which  balance  each 
other. 

*  The  tirct'cbus  carriages  are  glass  coaches,  containing  cb.  i 
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The  weight  of  six  first-clnsa  coaches,  including  the  mail,  is  21  t. 
The  weight  of  n  second-class  train  of  fire  carriages,  in- 
cluding one  glass  coach,  is    12  G 

Lastly,  for  18  trains  of  the  first  class  there  are  lfi  of 
the  second.  Thus,  the  average  weight  of  the  carriages  for 
every  64  travellers  may  be  reckoned  at  16M  t. 

Consequently,  tin-  gross  weight  corresponding  to  the 
travellers  conveyed  was — 


415.747  traveller*,  at  16  per  t.       .      .      . 

Corresponding  weight  of  the  cnrringca 
Luggage  of  the  travellers,  nt  28  lbs.  each 


87,717 1. 

107.748 
5,197 


1 40.662 1. 

Thus  the  total  weight  drawn  during  the  year,  by  the 
engines  belonging  to  the  Company,  was-— 

Great  weight  for  goods 233,1 14 1. 

Gross  weight  for  traveller*        140,662 

373,776 1 

Now  we  have  already  shown  in  this  work  (Chap.  XVII. 
Sect,  vi.)  that,  taking  into  account  the  surplus  of  resistance 
caused  by  the  gravity  of  the  train  and  the  engines,  on 
the  different  inclines  of  the  Liverpool  and  Manchester 
Railway,  the  quantity  of  work  executed  in  the  miction  of 
any  load,  over  the  whole  extent  of  the  line,  may  easily  be 
determined  by  the  following  expressions: 


Pnm  Liverpool  to  Manchester 
From  Manchester  to  Liverpool 


W.  =  30-79  M  |  +  262, 
W.  =  36-89  M,  +  348, 


in  which  \V  figures  for  the  quantity  of  work  executed, 
expressed  in  tons  gross  drawn  one  mile  on  a  level,  M ,  the 

HI ;  they  weigh  3-6o  t.  Those  of  the  second  class  ore  open, 
and  ham  24  places;  their  weight  is  223 1.  Lastly,  the  mail- 
coaches  weigh  271 1.,  and  carry  10  travellers.  Each  glass  coach 
has  beside*  one  outside  place. 
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load  of  the  engine,  in  tons  gross  exclusive  offender,  and 
the  numbers  262  and  348  the  average  work  caused  by  the 
gravity  of  the  engines  and  their  tender,  and  by  tiic  traction 
of  that  tender.  Taking  then  a  mean  between  these 
expressions,  it  will  appear  that  the  conveyance  of  a  load 
M,  from  one  end  of  the  line  to  the  other,  in  lx>th  direc- 
tions, will  produce  a  quantity  of  work  expressed  by 

W.  =  3384  M  |  +305  ton*  grim*  t  mile  im  •  level. 

This  premised,  as  the  above  3*3,776  tons  gross  were 
conveyed  by  the  engines  in  11,656  trips,  it  follows  that 
the  average  load  of  the  engines  per  trip  was  32  tons  groan. 
Substituting  then  this  number  for  M,  in  the  prec« 
expression,  we  find  that  the  work  done  by  the  engines  in 
8Mb  trip  was  I3H7'9  tons  gross  drawn  1  mile  on  a  '■ 
Tims  u  the  engine*,  performed  in  all  11,656  trips,  the  total 
work  dune  by  them  was 

IIC56X  13879=  16,177.080  ton*  gross  drawn  1  mile  oa  a  level ; 

and  the  ratio  of  this  number  to  the  real  conveyance 
clFcctcd,  namely,  373,77G  tons  gross  drawn  29 -5  miles, 
or  1 1,026,392  tons  gross  drawn  1  mile,  shows  at  the  same 
time  that,  00  that,  line,   the  gravity  and   draught   i>l 

11  increase  the  work  of  the  engines  m  the  proportion 

109  to  i. 

Km   il.r  work  above  stated,  the  repairs  of  the  engines 
cost  £l8jM8  0*.   I'A    This  sum,  reduced  to  pen"' 
t. iol'.-J-'  i ,/.     Consequent]]  the  repairs,  per  tun  gross  i 
veyed  I  mile  on  a  level,  amounted  to 

4403994' 


15177080 


=  •272*. 


To  perform  this  work,  the  engines  made   65 70  trips 
with  travellers,  that  is  to  say,  at  a  velocity  of  20  mile 
hour;  and  5086  trips,  with  goods,  or  at  a  velocit] 
miles  an   hour.     The  average  velocity  of  the  haulage  was 
lore  16*78  miles  |ier  hour. 
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We  have  Mid  elsewhere  Unit,  at  the  time  of  tlicsc  ob- 
servations, the  Liverpool  tad  Manchester  Railway  Com- 
pany possessed  thirty  locomotive  engines.  It.  must  not 
be  concluded,  however,  that  that  number  is  necessary  in 
order  to  perform  the  above-mentioned  haulage.  Oftl.M 
30  engines,  about  one-third  were  useless.  This  third 
(•(insisted  (if  the  most  ancient  which,  having  been  con- 
structed at  tin-  first  establishment  of  the  railway,  at  I 
time  when  the  Company  had  not  yet  obtained  sufficient 
experience  in  that  respect,  arc  found  now  to  be  out  of 
proportion  with  the  work  required  of  them.  The  engines 
in  daily  activity  on  the  road  amounted  to  about  10  or  11, 
and  wiUi  an  equal  number  in  repair  or  in  reserve,  the 
business  might  have  been  completely  ensured;  for  the 
surplus,  above  that  number,  was  nearly  abandoned. 

We   shall  complete  what  has  just   been    said  on    the 
Liverpool  and  Manchester  locomotive  engines,  by  ad 
a  document  that  will  show  what  these  engines  arc  capable 
of  executing  in  a  daily  work,  and  the  improvement  I 
have  undergone  in  the  course  of  the  last,  few  years,  with 
respect  to  their  construction. 
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Work  done  by  the  ten  best  locomotive  engines  of  the  Liver- 
pool and  Manchester  Railway,  during  the  years  1831, 
1832,  1833,  and  the  first  twelve  weeks  of  1834. 


Year. 

Name  of  the  engine. 

Total  time 
the  engine 
haa  been  on 
the  road, 
either  in 
activity  or 
in  repair. 

Total  distance 
travelled  by 
the  engine. 

1833. 

Firefly    

LiVBR 

Pluto      

Saturn    

Total 

Average  per  week     .     . 

Weelu. 
52 
52 
39 
52 
52 
52 
48 
52 
52 
52 

Miles. 

31,582 
26,163 
24,879 
23,134 
20,308 
19.838 
19.364 
18,738 
18,348 
17,763 

503 

220,117 
438 

1834. 

FlRBPLT    

LiVBR 

Sun 

Etna 

Vbnus     

Total 

Average  per  week     .     . 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

8,542 
8,526 
7,290 
7,080 
7,080 
6,557 
5,712 
4,890 
4,632 
4.246 

120 

64,555 
538 

5 16 
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As  wo  have  already  Mid  thai  the  average  load  of 
•ries,  on  this  railway,  is  32  ton*  gross,  rxclwiivr 
ten/itr,  it  would  be  easy  to  deduce  from  this  Table,  the 
number  of  tons  gross  which  have  l>ecn  carrie<l  I  milt:  by 
each  of  the  engines  during  the  time  of  its  work.  Similarly, 
by  dividing  the  number  of  miles  travelled  by  the  length 
of  the  railway,  which  is  29*5  miles,  we  might  deduce  first, 
the  number  of  trips  performed  by  each  engine;  and 
recollecting  thnt  each  trip,  with  the  average  load  of  32 
tons  gross,  corresponds  to  1388  tons  gross  drawn  1 
on  a  level  (page  542),  we  might  deduce  the  number  .if 
tons  gross  drawn  1  mile  on  a  level  by  the  engine,  either 
in  the  course  of  a  year,  or  during  the  whole  time  it  was 
on  the  line.  We  will  not  offer  this  calculation  fur 
engine,  but  will  give  the  result  of  it  for  those  two,  amc 
them,  which  have  done  the  most.  work. 

At  the  time  of  the  completion  of  the  above  Ti 
Liter   had   been   employed   on   the   railway  during    l( 
weeks,  had  travelled  a  distance  of  59,865  miles,  <>r  <lmv 
2,487,140  tons  gross,  tender  included,  one  mile  0H  a  lr 
the  Firefly  had  worked  57  weeks,  had  travelled  a  disr 
of  33,121   miles,  or  drown  1,572,360  tons  grow,   t« 
included,  one  mile  on  a  level;    the  average  velocity   at 
v. bloll  these  loads  had  been  drown  was   lfi'73  mile, 
hour,  and   neither   of  these   engines,   at   the    i 
question,  had  yet  required  a  thorough  repair.* 


Tm   give  an  example  of  the  expense  of  repairs  <if   I 
comotive   engines,    under   other  cireiunstain 

engines  of  another  construct we  will   here  set  do 

the  work  performed   by  the   locomotive  engines  on 


*  The  greater  jxirt  uf  there  excellent  engines  wew    limit 

Mr.  K.  Muphcusoii.    Tlie  Liver  engine  is  the  work  of  Mr.  Ed 

of  Liverpool. 


= 
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Stockton  and  Darlington  Railway,  during  the  same  JMI, 
that  is  to  say,  from  June  30,  1833,  to  June  30,  1834,  and 
the  amount  of  expenses  for  repairing  those  engines  during 
the  same  space  of  tin i<\ 

On  this  railway,  the  engines  performed,  in  the  course 
of  the  year,  and  descending  with  their  loads,  a  number  of 
trips  which,  estimated  in  trips  of  20  miles  each,  according 
to  the  custom  of  the  Company,  amounts  to  5318*5,  or 
5119  trips  of  20"78  miles  each;  and  this  necessarily 
carries  with  it  an  equal  number  of  trips  in  ascending 
with  the  empty  waggons.  The  load  of  the  engines  at 
each  trip  going  down,  is  24  waggons,  carrying  63'6  tons 
effective  of  coal,  and  weighing  in  tons  gross  94*8  tons. 
In  bringing  the  24  empty  waggons  up  again,  the  load  of 
the  engines  is  31  "2  tons  gross.  Recurring  to  the  expres- 
sion which  we  have  given  Sect.  vi.  Chapter  XVII.,  of 
the  work  done  in  conveying  a  given  load  on  the  whole 
extent  of  this  railway,  it  will  readily  be  perceived  that, 
considering  the  bringing  back  of  the  waggons  empty, 
every  trip  descending  corresponds  to  the  draught  of  2650 
tons  gross  1  mile  on  a  level ;  and  consequently  the  total 
work  executed  in  the  year  on  this  railway,  amounts  to 

13,5(35.350  toDH  grow,  one  mile  on  a  level. 

With  regard  to  the  corresponding  expenses,  it  is  to  be 
noted  that,  after  having  for  a  long  while  kept  and  re- 
paired their  engines  themselves,  the  Directors  of  the 
Stockton  and  Darlington  Company  decided,  in  order  to 
avoid  minute  accounts,  to  do  nil  that  work  by  contract ; 
and,  in  consequence,  in  183.1,  they  put  their  engines  into 
the  hands  of  three  person's,  lly  the  contract  entered 
the  Company  paid  Tv.  of  a  penny  per  ton  of  goods 
carried  one  mile ;  and,  for  that  price,  the  contractors 
undertook,  not  only  to  keep  the  engines  in  good  repair, 
furnishing  workmen  and  materials,  but  also  to  pay  all  the 
current  expenses  of  haulage,  such  as  salary  of  the  BB   m. 
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men,  fuel,  oil,  grease,  &o. ;  an<I  to  pay  moreover  to 

[iany  an  interest  of  five   per  rent,   on    the    capital 
representing  the  value   of  the   engines,   and  of  all    the 
establishments  placed  at  the  contractors'  disposal  for  I 
work. 

The  total  sum  paid  to  the  contractors  by  the  |  >any 

:■  i    tfcfi  object   during  the   year  ending  June  30,   1834, 

V...H 

£11.347   I*.  9d.: 

and  deducting  the  expenses  for  rent,  interest  of  capital 
and  haulage,  the  amount  of  which  is  known,  the  Dim 
"if  the  Company  reckon  that  the  definitive  ram  remaining 
vitfa  the  contractors  for  the  repairs  of  the  engines  (barn 
of  fire-box  included),  amount,  with  the  general  profit  on 
the  whole  bargain,  to 

£5.732  18*.  W. 

Tli  is  sum,  reduced  to  pence,  gives 

1.875,90 1  rf. 

It  was  expended  for  the  carriage  of  U.h  til  gross 

mflo  on  ■  level;  so  that  finally  the  expense,  pei 
gross  carried  one  mile  on  a  lercl,  including  the  profits  on 
the  bargain,  amount  to 

ClOU. 

As  a  complement  to  what  we  have  said,  and  to  si 
on  this  railway  as  well  as  upon  the  Liverpool  one. 
work  the  engines  arc  able  to  perform,  we  shall  gi<. 
Tabic  of  the  haulage  executed,  and  repairs  done  to   the 
engines,  during  five  months  of  the  year  1833. 

Tu  form,  in  this  Table,  the  column  which  contains  the 
lone,  in  tons  gross  carried  1  mile  art  a  level,  trnder 
included,   the    number   of   tons    of  coal   carried    1 
descending  is  multiplied  by  2;    because,   from    the    cal- 
culation indicated  page  517,  the  conveyance  of  a  lo 
GJ-G  tons  of  coke,  along  the  whole  line,  <•>   tin 
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20*7*  miles,  corresponds,  including  the  return  of  th>- 
iggODS,  the  gravity,  &c.,  to  a  quantity  of  work 
expressed  by  2«>50  ton*  gross  drawn  1  mile  »»  a  /m7; 
and  that  this  munber  is  double  the  product  63*6  X  * 
=  13'.".'.  vim  1 1  represents  the  useful  work  done  at  each 
trip,  or  the  number  of  tons  of  coal  carried  1  mile  by 
the  engine. 

The  last  column  but  one  of  the  Tabic  contains  the 
amount  of  expenses  for  keeping  each  engine  in  repair 
durin;:  tin-  lime  il  was  on  the  line,  and  the  last  cnhm.i. 
contains  the  same  expenses  divided  per  ton  gross  drawn 
1  mile  on  a  level;  but  we  must  add  that,  at  the  time 
when  this  Table  was  formed,  there  were,  among  the 
engines  of  the  railway,  twelve  completely  new.  Besides, 
the  amount  of  repairs  here  set  down  includes  only  the 
workmen's  wages,  and  not  live  materials,  those  materials 
having  been  purchased  largely  and  kept  in  store.  It  is 
therefore  subjected  to  these  restrictions,  that  we  pre.M :u\ 
the  following  Tabic. 

Most  of  the  engines  of  the  Stockton  and  Darlington 
Railway  wore  built  by  Mr.  T.  I  lack  worth,  of  Brussclton, 
near  Darlington. 
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Skct.  II.  Expense  of  Furl. 

We  have  already,  in  Chapter  IX.  of  this  work,  related 
experiments  (tan  Which  may  be  deduced  the  consumption 
of  fin  ling  to  the  load  the  engine*  have  to  draw. 

However,  as  in  the  intervals  of  the  trips,  the  fire  must  be 
kept  up,  and  as,  besides,  there  are  always  unavoidable 
losses  during  the  work,  an  increase  of  expense  in  that 
respect  must  naturally  l>c  expected  in  practice.  This  we 
also  learn  in  a  positive  manner  by  the  examination  of 
farts. 

According  to  the  half-yearly  reports  of  the  Liverpool 
Railway  Company,   for  the  year  ending  June  30,   1 
the  expense  for  fuel  for  the  locomotive  engines  was 

£6,079  15*.  8rf. 

The  number  of  trips  performed  was  11,656:  conse- 
quently  the  expense  for  fuel  for  each  journey  amounted  to 
1<)'432«.;  and  as  the  average  price  of  coke  used  daring 
that  year  on  the  railway  was  23*5*.,  the  consumption  of 
fuel,  measured  in  weight,  amounted  to  994*37  lbs.  per 
trip.  Now  we  have  already  seen  that  the  average  load  of 
the  engines,  during  the  year,  was  32  tons  gross.  A  load 
of  32  tons,  not  including  the  tender,  consequently  re- 
quired, by  the  fact,  a  consumption  of  coke  of  994  lbs. 
Thus,  as  the  work  corresponding  to  the  conveyance  of 
that  load  from  one  end  of  the  line  to  the  other  is  equi- 
valent to  1388  tons  gross  carried  1  mile  on  a  level  (page 
542),  it  is  plain  that  the  consumption  of  fuel  amounted  to 

-7161b.  of  coke  per  too  grow  carried  I  mile  on  a  level ; 

and  from  the  price  of  coke  on  that  line,  that  consumption 
cost 

•090rf.  per  ton  grow  carried  1  m>l«-  on  a  level. 

Our  special  Experiments  given  Chapter  XI.  only  give 
an  average  consumption  of  784  lbs.  of  coke  for  a  load  of 
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32  tons.     By  this  it  will  be  seen  that,  in  prad 

with  the  nature  of  the  business  on  that  line,  the  diffi 

losses  amount  to  onc-fourtli  of  tlie  expense  uf  the  ai 

work.     Tins  considerable  increase 

the  necessary  expense  for  lighting  the  t\ 

but  also  to  the  necessity,  on  that  line,  of  keeping,  for  the 

passage  of  the  inclined  planes,  helping  engines,  til 

Which  must  remain  alight  the  whole  day,  although    they 

only  serve  at  distant   intervals)  to  the  number  of  trips 

which  the  engines  make  almost  without  load ;  and  in 

to    'lie   long  delays  between  one  journey  and  another. 

TbOM   circumstances,  that  of  the  helping  engines  al 

excepted,  arc  inevitable  in  a  business   of  the   nature  of 

that  of  the  Liverpool  and  Manchester  Rails' 

On  the  Stockton  and  Darlington  Railway  the  same 
causes  of  loss  do  not  exist,  at  least  not  to  the  same 
degree. 

According  to  the  notes,  carefully  kept  by  the  Directors 
of  that  Company  to  serve  as  a  foundation  to  |  racta 

they  sign,  the  quantity  of  coal  consumed  on  an  avenge, 
during  one  journey  of  an  engine,  that  is  to  say,  to  convey 
24  loaded  waggons  a  distance  of  20  miles  down  hill,  ami 
bring  them  back  again  empty  to  the  same  distance  "up 
hill,  costs  the  engine-men  4*.  9jrf.,  when  the  coals  are  at 
5*.  |>er  ton.     S«  the  weight  of  coals  consume  J  n>^ 

Now  we  have  mcii   that    the  work  done  in  one  trip  f. 
equivalent  to   2650  tons  gross  drawn  1  mile  on  a  I. 
the  consumption  of  coal  per  ton  gross  carried  1  mile  on  a 
1 1  rel  is  therefore 

'814ft., 
or,  from  the  price  of  the  fuel, 

'09164 

This  is  nearly  the  same  consumption  in  v.  ^  Q(J 

the  Liveqwol  and  Manchester  Railway.     The  result 


appear  surprising  ;  for  tin-  iniili-rs  of  tin-  Darlington  engines 
are  generally  constructed  on  a  less  economical  principle, 
as  to  the  appli<  -at ion  of  heat,  than  the  Liverpool  onc9 ;  but 
considering  the  work  of  each  line,  this  circumstance  will 
cosily  be  accounted  for.  On  the  Darlington  Railway  the 
engines  never  go  off  but  with  a  full  load;  that  is  to  say, 
that,  taking  the  two  trips  together,  the  descending  anil  the 
ascending,  ill.'  engines  draw,  as  lias  been  shown.  ID 
average  load  of  63  tons  gross  per  trip,  which  circum- 
stance we  know  to  be  favourable  to  the  expenditure  of 
fuel.  If  these  engines  drew  only  an  average  load  of  32 
tuns,  like  the  Liverpool  ones,  their  relative  consumption 
■■■  ■■nlil  certainly  be  greater.  To  this  must  also  be  added 
that,  on  the  Darlington  Railway,  the  engines  sutler  no 
delay  bclwci  n  their  trips. 

It  is  to  these  combined  circumstances  that  the  practical 
result  appearing  in  this  case  must  be  attributed.  As 
railways  for  goods  arc  generally  found  to  have  these 
advantages  over  railways  for  travellers;  that  is  to  say,  as 
less  frccpicnt  depart  ores  admit  of  starting  the  «)■: 
more COUpk&ely  loaded  ami  with  less  loss  of  time  between 
the  trips,  it  ought  to  be  considered  that  the  comparative 
saving  of  fuel  which  we  notice,  originates  in  the  very 
nature  of  the  work  itself. 


Sect.  III.  Espeiue  of  locomotive  pair- >■ 

To  the  expenses  just  noted,  namely,  the  repairs  of  the 
■  ■ii::mics  and  the  fuel,  an-  to  1m-  joined  several  arc. -ssory 
charges  FOX  the  Conducting  of  the  engines,  such  as  engine- 
men's  and  assistants'  wages,  oil.  grease,  hemp,  Jtc.  The 
amount  of  these  divers  objects  taken  in  their  detail,  is 
reported  in  the  Tables  of  receipts  and  expenses  of  the 
Liverpool  and  Manchester  Railway,  which  will  be  given 

•-'  0 
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further  on ;  but  it  is  necessary  to  consider  them  here  taken 
collectively. 

These  charges,  together  with  the  expenses  for  repairs 
..i  the  engines  ••">''  the  expenses  for  fuel,  CO 

nan  <•(  bOTWfJM  power,  properly  so  called,      I 
then  indispensable  to  include  them  in  the  calculation,  in 
order  to  know  the  definitive  cost  of  locom.  incs 

used  as  a  means  of  conveyance. 

It  will  be  seen  in  the  Table*  of  detail  given  farther 
that  on  the  Liverpool  and  Manchester  Railway 
penses  of  locomotive  power  amounted,  during  the   year 
under  consideration,  to  the  sum  of 

£'->9,607  &i.   lie*. 

Aa  wc  have  seen  that  the  work  done  by  the  en^ 
amounted   to   lG,l"7>08O   tons   gross,   drawn    one    mile 
(page  542),  it  follows  that  the  expenses  fur  locuniotivo 
power,  were 

'439 o1.  per  ton  groan  per  mile  on  a  level,  at  an  average  velocity 
of  16"  73  milea  per  hour. 

On  the  Stockton  and   Darlington  Railway,  we  have- 
thst  the  Company  passed  a  contract  for  tl" 
power,  and  that  the  total   price  paid  to  the  contra 
during  the  year  was 

£11.347   If.  W. 
Out  of  this  sum  the  contractors  pay  to  the  Compart] 
rent   of  work-shops,   and   interest   of  capital    vested    in 

engines, 

4894. 

There  remains,  then,  definitively  |»id    fm 

poucr. 

£1D..VJ3    Lf.   flrf.  ; 

and  aa  this  sum  hat  defrayed  tin-  conveyance  "I  \.',,:,r, 
tons  gross  to  1  mile  (page  547),  'he  rate  of  thai  ,•  was 


I  Mlrf.  per  ton  gross  jict  mile  mi  i<  I-  v,  )   „i  the  sjwed  of  8  mile* 

per  liour. 

This  expense,  however,  refer*  to  con!  used  u*  fuel.     As 

this  circumstance  dues  nut  occur  on   1 1n  recently 

formed,  ami  particularly  uu  the  Liverpool  ami  Manchester 
Railway,  il  will  be  necessary,  in  order  to  have  prices  •■•<■■•> 
parable  between  them,  to  take  into  account  the  diffei 
of  price  of  the  two  fuels. 

Now,  the  Darlington  Compnny  burn  '81411},  of  coal 
per  ton  {.toss  per  mile  on  a  level.  Supposing  in  the  two 
kinds  of  fuel  tin  equal  power  of  producing  heat,  the  con- 
mmptiofl  of  COke  would  also  be  "811th.,  and  taking  that 
fuel  at  the  Liverpool  price,  namely,  at  23*.  6rf.  per  ton, 
the  expense  per  ton  gross  conveyed  one  mile  would  be 
■\02d.,  instead  of  '022</.,  which  it  actually  is.  Thcre 
would  then  be  an  augmentation  of  expense  per  ton  gross, 
per  mile,  of 

080rf. 

Thus,  with  the  use  of  coke  instead  of  coal  on  the 
Stockton  and  Darlington  Railway,  the  expense  for  loco- 
motive power  would  amount  in  this  year  to 

•.'GCrf.  per  ton  grow  per  mile  on  a  level,  at  the  average  velocity 
of  8  bIm  pet  hour. 

It  will  he  remarked  that,  this  expense,  compared  \ 
that  of  the  Liverpool  and  Manchester  Railway,  for  the 
■ame  object,  is  within  a  very  little  in  proportion  to  the 
velocity  on  each  line,  namely,  8  miles  per  hour  In  one 
case,  and  about  17  miles  per  hour  in  the  other:  this  is  a 
point  which  wc  shall  again  touch  upon  farther  on. 


Sect.  IV.   Expense  for  maintenance,  of  way. 

The  expenses   for    beeping    the    Liverpool    and    Man- 
chester  Railway  in  repair,  during   die  year  under   con- 
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sidcration.  fmm  June  :«>,  1689,  to  June  30.  1894 

according  to  tin-  Tables  of  detail  given  hereafter, 

£l5.77f.  IS*.    I* 

During  the  same  time  the  following  weights 
the  railway,  drawn  either  by  the  Company's  enj 
by  engines  belonging  to  other  companies,  namely : 

Goodi  M  ilir  vilinlc  road 139,328/, 

__•    on    half    I  he    I'uiil    14,934    Ion.,    in., 

"hole  road I7.li>: 

—    between     Bolton,    and    Manehetter    n     I 

pool.  38,S<1  Urn-.,  or  mi  tli.-  nlmle  nud    .        .  10*179 

(^  on  half  the  hne  86.173  ton»,  or.™  the  whole      .  (I 

Corrrarxiniliiif;  waggon*.  !2  i>f  ll.r  weight  erf  Hie  Rood.   I  'if,  I J I 
Waggon*  drought  hack  enijrt*.  J  of  the  whole    . 


Tola!  for  good*  ami  coal     .... 
.•  «.  traiellen,  and  luggage,  at  abort 


37 

140.1 


Tlius  515,252  tons  gross  passed  over  i  lc  o 

railway,  inclusive  of  the  weight  of  the  i  OgineJ  and 
tender.  The  expenses  for  maintenance  of  way  h 
been  i,'15,""«>  12*.  \d.  for  31  miles,  the  whole  leng 
the  railway,  or  £508  lrt*.  5rf.  per  mile,  thej 

•237*f.  per  ton  groca  per  mile. 


On  the  Btockton  and  Darlington  Railway, 
'same  yew,  the  upondrtan  f«»r  repairs  of  tin 

follows: 

Workmen'*  wage*  for  repair*  to  the  railway    .     .     5.320 

Material*  for  ditto 2.57* 

Repair*  to  bridge* 

Repair*  to  wnlla  nnd  fence* 2* 

iiltenciea 


EXPKNSE    TO*    MAINTENANCE    OF    WAY.        5.r>7 

And  deducting  the  charges  relative  to  walls  mid  fences, 
which  arc  not  included  in  the  preceding  article  for  the 
Liverpool  and  Man. 'In  -.ic tt  Railway,  as  may  he  aeen  in  the 

ill  i.nl.il  iiiTounts  jin-si  nt.il  further  on,  the  ainounl  of  this 
expenditure  reduces  itself  to 

£8.435   9».    10</. 

On  the  other  hand,  the  weights  which   passed  on  the 
railway,  drawn  cither  hy  locomotives  or  hy  the  stationary 
'i!  iii-s  or  hy  horses,  were: 

turn  lo  I  milr. 

375,320  tom  nf  cotl,  npial  in  ton*  r»rrir.|  one  mile,  to  8,526,904  f.-| 

32.996  «on»  of  limestone 133.064     U.858,193 

17.889  ton.  of  goods 198,225    J 

6,499  lout  in  pouringm,  r-imil  in 53,733 

Waggont,     2,  of  the  Height  of  the  gooils  conve»«l    .      .      .     4,345.529 

Waggon*  liruiiglil  bank  empty,  tame  weight 4,345,529 

Wright  of  coachet,  in  tout  carried  one  mil* 161.199 

Total     t7,7M.183f. 

The  expense  per  ton  gross  per  mile,  exclusive  of  the 
weight  of  engine  and  tender,  amounts  then  to 

1  I4rf.  per  ton  groat  per  mile. 

Taking  the  repairs  of  walls  and  fences  into  the  account, 
this  article  would  give  -1  l&d.  per  ton  gross  per  mile. 

It  must  be  observed  that  this  expense,  as  well  as  that 
above  mentioned  for  the  Liverpool  and  Manchester  Rail- 
way, i.s  rather  higher  than  it  will  be  on  an  avenge  for  the 
years  to  come,  on  account  of  an  extraordinary  replacing  of 
the  rails  of  both  lines,  by  other  rails  of  much  greater 
strength. 

The  expenses  for  kerp'mi;  in  rejwir  the  Stockton  and 
Darlington   Railway  would  tionably  be  less,  if  the 

Waggons  used  on  lluit  lim'  Witt  OO  ipringa,  like  thoW  of 
tin-  Liverpool  and  Manchester  Railway.  In  the  present 
state  of  things,  however,  those  expeneea  acaro-ly  ainuiini 
to  half  Uie  expenditure  of  the  Lhrerpool  and  Mam-heater 
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the  same  mil,  Ukcn  up  by  Mr.  J.  Locke,  then  resident 
engineer  on  the  line,  and  well  cleaned  ax  before,  weighed 
l"Gt1>».  S  ok.  It  had  consequently  lost  in  121  months  a 
weight  of  18J  oz.  The  number  of  tons  gross  that  had 
passed  on  the  rail  during  that  time  was  estimated  at 
fi(H),O00.  Tli us  wc  sec  that  with  so  considerable  a  tonnage, 
anil  with  the  velocity  of  the  motion  on  that  railway,  the 
annual  loss  of  the  rail  was  only  -^  of  it*  primitive 
weight.  So  that  it  would  require  more  than  a  hundred 
years  to  reduce  it  to  the  half  of  its  present  strength. 


Si:<  r.  V.    Tot ul  expense  ofhwk 

So  far  we  have  seen  to  what  rate  per  mile  the  expenses 
amount  for  locomotive  power  and  for  maintenance  of 
road.  But  to  determine  the  definitive  rate  of  the  expenses 
of  all  kinds,  necessary  for  working  railways  by  means  of 
locomotive  engines,  it  still  remains  to  make  the  same  cal- 
culation for  each  of  the  other  expenses  incident  to  these 
engines  on  the  railway. 

Taking  each  of  the.se  charges  from  the  <kt  tiled  Tables  of 
the  Liverpool  and  Manchester  Railway  Company,  and 
dividing  it  according  to  the  respective  work  to  which  each 
refers,  we  arrive  at  the  following  result : — 


Partition  of  thr  exjtrwit*  •  M  tkt 


ft      ». 
11,971  13 


■i:<:r,»     f 


KiiK-mr  pi 

TitMllm.1     < 


Retmir  i  lug- 

gage lort,  officii  for  luoVing   pissm- 
ger»;  to  lie  •! i •■  ■  ■  (■  -o>» 

tonnage  fui  irm.li  n,  of  UU.Ii 
(pafl  b  Rgfb  of  roul  of 

il«.ua<« 'DM37' 

l  "  djaj  i Mni|<a«*llon for  il 
cartage  In  Die  towna  of  Liverpool  »imI 
Main!.,  it.  Lading  »im!  unloaitiag  of 
coals,  i"  't  aecordiag  to 
374.MH1  tons  gross  of  goods  anil  coal* 
I  mile*  of  road, 
iiiakrv      ,, 

latere*!  mi  bonomd  capital    . 

Locomotive  power  already   divided   (oa 

tin-  I.-..!.       ,.., 

M»mti  tuner  erf  «*v  alrej'l,  il  tided 

.iry  engine  ami  lUBOeb]  lo  I*  ill. 

Mil"!  •  sraea 

(page  &5C:  MM  i">  'II  i»ilev«i»»t»  POT 
ton  grot*  per  mile   ... 

Hepairv  to  waggons;  to   be  divided  ac- 

ng   to  233,1)4   tiMi»   croM  dratta 

to  31  mile*  (page  510)  make*    

Direction,  offices,  engiaeen.  la»  expeane*. 
police,  tnil,  tun,  rales,  repair*  to 
vulli  anil  (Voces,  and  pel  •;  to 

diviile  (log*  ill)  according  to  373,776 
font  grosi  and  for  31  mile*,  makes 


Total  per  ton  (rots  per  mik  M  «  ami   1-trMW 

Total  expense  per  traveller  per  mile  on  a 

level,    f  ...    .Hi  1*69614  •  HIHf  ..     -Ml 
Total  rvpcinw  prr  rffrdur  i.m  i.f    good* 
pel  mile  on  a  level,  (page  540) 
I 
'    33 


11)25 1 2 
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Though  each  of  these  expenses  is  here  divided  in 
proportion  to  die  tonnage  and  to  the  length  of  the  road, 
it  is  understood  that  there  arc  several  among  them  which 
would  suffer  no  change,  were  the  road  longer  or  shorter. 
Such  arc  the  charges  for  loading,  cartage,  offices,  &c. 
Account  then  should  be  taken  of  this  circumstance,  were 
it  desired  to  deduce  from  the  data  of  the  Liverpool  and 
Miitn-lii  sicr  Railway,  what  would  be  the  expenditure  on  ;i 
different  line. 

According  to  what  has  already  been  said  of  the  effects 
of  the  velocity  on  the  repairs  of  the  engines  and  main- 
i .n.meo  of  the  road  (Sect.  111.  and  iv.  of  the  Appendix), 
it  may  be  observed  lh;il  the  trains  of  wagons,  mnvinu 
i  than  those  of  coaches,  ought  not,  at  equal  weights, 
to  cause  the  same  wear  and  tear  of  the  engines,  nor  the 
same  repairs  to  the  road.  As  experience  seems  to  indi- 
cate that  these  effects  are,  for  an  equal  tonnage,  in  direct 
proportion  to  the  velocity,  wc  shall  here  take  account  of 
this  eirriim.'.i.-mce  hy  separ.it ing  first  the  expenses  for 
locomotive  power  and  maintenance  of  way,  each  into  two 
portion**  in  the  ratio  of  the  tonnage  and  of  the  velocity 
on  each  of  the  two  railways;  and  it  will  not  be  till  after 
this  first  partition)  that  we  shall  perform  the  division  of 
each  portion  per  ton  per  mile,  as  above.  This  calculation 
gives  the  following  results : — 
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Parti/ion  nf  the  erpenst*  of  haulage  on  Ihr  I.  '  and 

Manchata  E  '"account  the d^trmce^f 

tf.'o,  it y  of  the  train*. 

Kipt-liw  pet  Ion 


Locouothc  power:  £29407  5».  \\i„  divided  on  ■  toD. 
nag*  W  140,662  tou  grow  drawn  at  the  velo- 

cii;  'i  hoar. fa    '  i*,tm  out 

pari ; — and  233.1  14  toot  grew  of  gooda  drawn 
•I  ihr  ieli«itr  of  12-4  mile*  per  hour,  oo  the 
"ilirr  part  (pagei  510  and  541};— makei: 

For  traveller*  £14,543    7«.   lift,  or  per   Ion 
grow  per  mile,  m  a  Zeee*  (page  542)  .        S7JJi« 

And  fa  good*  X  14,003   If..  Otf.,  ar  pet  ton 
grow  per  mile,  cm  a  Irrrl  (page  St:' 

nance  of  wavi  £  15,776  12a.  l«f..  divided  on  a 
tannage  of  140,002  looa  grow  drawn  al  the  ve- 
locity of  24J  .mi.  .  ., fa    |fja  iravellort. 

on  one  part ; — and  .1  r  I  .."■■■■  ■  MM  grow  of  good* 
draws  al  the  velocity  of  12'5  niilr»  per  hour,  on 
Hie  otlirf  part  (page  546) ;— make*: 

kmUcn  a;  5.921  &..  l J.,  or   33471 

to  goodlitaVBN         "•'■.  i 

Cartage  lad  r»|«-n«c»  of  all  klndt,  ahore  tpcculed,  and 

divided  (page  Mm  11' 19*4 


Tulal  per  ton  grow  per  mil*  oo  a  level    '.' 

Ami  DM    ','"'•■': 

Total  eipenne  per  lra«cller  per  mile  on  a  level 

lueceding  Table,  page  560) -72063 

fotal  aspOBM  per  rfrr'ir*  ti f  giMidi  per  mlW 

on  a  le>el  f»ee  preceding  Tbd*) 


■tt  ..,: 


I  MOtft* 
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With   these   results,  an   exact  account   may   now   ho 
nm!crcd  of  the  profits  arising  from  cacli  kind  of  busi 
In  effect,  the  gross  receipt,  for  travellers,  during  the  year, 

U.1S 

£105.456    fa.    10rf., 

and  &tt  number  of  passengers  conveyed  from  one  end  of 
tin-  line  to  tin-  otlu  r.  a  total  distance  of  30  miles,  for  the 
passengers,  was  '115,747.  Thus  the  receipt  per  passenger 
per  mile  is 

3-029A 

We  have  just  seen  that  the  Company  disburse*  for  the 
same  conveyance  per  mile,  on  a  level,  "  '.'<  «ii/.:  and  dividing 
the  disbursement  per  current  mile  of  the  railway,  (nut  on 
■  level.)  there  would  result,  for  this  expense, 

•807  d. 

The  net  profit  per  passenger  per  current  mile  is  there* 
fore 

l  398£ 

Again,  taking  the  goods  separately,  the  receipt  for  tin  m 
is  found  to  be 

£81.045    fa.     Irf.: 

and  as  the  work  done  is  151,795  effective  tons  carried  the 
ilisi;nnr  of  31  miles,  as  far  as  the  port,  the  gross  receipt 
per  ton  of  goods  per  mile  was 

4-1634: 

deducting,  for  the  expenditure  per  current  mile,  relative  to 
the  same  article, 

2-385rf.. 

there  remains  a  net  profit,  per  ton  of  goods  per  current 

mile,  of 

l-76Srf. 

We  here  see  that,  when  the  engines  draw  an  effective 
ton  composed  of  15  passengers,  they  yield  a  net  profit  of 
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iV.WOrf.;  and  thai,  in  drawing  the  MBM  weight  of  g' 

the  net  n'Miliiijg  profit  is  hut  1  ,  r  the  tenth  part  of 

the  former. 

This  proves  that  on  lines  established  on  the  system  of 
the  Liverpool  and  Manchester  Railway,  the  chief  profit  is 
to  l"-  expected  tram  trerellera;  and  it  would  be  a  sclf- 

dcccplion  to  reckon  principally  on  the  produce  of  the 
goods.  Such  a  result  indeed  was  to  he  foreseen  from  the 
consideration  that,  at  the  average  price  of  places  in  the 
coaches,  15  passengers  pay  to  the  Company,  for  the  trip 
between  Liverpool  and  Manchester,  the  sum  of  (>S 
shillings,  whereas  the  conveyance  of  a  ton  of  goods  is 
paid  only  ;ii  Hie  rate  of  10  shillings  and  some  pence  for 
the  same  distance. 


From  what  has  already  been  said  of  the  maintenance  of 
the  engines  and  of  the  road,  on  the  Stockton  and  Dar- 
lington Railway,  it  will  readily  be  conceived  that  the  total 
expenses  of  haulage  arc  much  less  on  that  line  than  on 
the  Liverpool  and  Manchester  Railway.  They  arc  usually 
quoted,  approximate  dy,  as  amounting  to  one  penny  per 
ton  of  coal  carried  1  mile  in  the  direction  of  the  trade; 
but  as  the  draught  in  the  direction  of  the  trade,  on  an 
inclined  line,  does  not  give  a  precise  idea  of  the  effort 
exerted,  it  will  be  proper  here  to  make  the  calculation 
in  the  same  way  as  has  been  done  for  the  Liverpool 
and  Manchester  Railway. 

The  Company's  accounts  are  divided  under  three  prin- 
cipal heads,  namely:  locomotive  power,  maintenance  of 
H  ay,  and  offices. 

The  first  comprises  charges  of  all  kinds  for  repairs  of 
engines,  engine-men's  and  assistants'  wages,  fuel.  oil. 
grease,  hemp,  and  other  articles  of  daily  consumption  for 
conducting  the  engines  and  trains.  The  second  includes 
workmen  and  materials  for  repairs  to  the  road,  new  roils. 
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draining,  ballasting,  repairs  to  bridges,  walls,  and  fenot 
and    incidental   expenses  of  the   same   nature.      Lastly, 
the  oilier  expenses  iiiiliid.-  slat  u  ini-ry  and  printing,  clerks, 
law  disbursements.  i;i\. ■■;,  rates,  p.ilin-,  and  contingencies. 

We  have  already  seen  that  during  the  f%U  from  :30th 
June.  IH.-4.J,  to  30th  June,  1834,  tl»c  expenses  for  loco- 
motive power  amounted  to  '186tf.  per  ton  gross  per  mile 
on  a  level  (page  555);  those  for  maintenance  of  way, 
including  the  repairs  to  walls  and  fences,  were  *1W/., 
as  was  also  proved  above  (page  55").  There  remain  tfacn 
only  the  office  expenses,  winch,  as  will  be  seen,  amount, 
!>rr  :,i'i  •    i mii  per  mile,  to  •0:37'/- 

Consequently,  these  three  articles  united  give  the  total 
i  \|m  use  of  haulage  per  ton  gross  per  mile,  <>n  a  level,  at 
the  velocity  of  8  miles  an  hour,  on  the  Stockton  ml 
Darlington  Railway,  during  that  year: 

LocomotTM  power •lStf* 

Maintenance  of  road MIS 

Omet nr37 


Total 


•311 


As  however  the  Company's  expenses,  that  year,  were 
somewhat  diminished  by  the  circumstance  that  twelve  04 
the  engines  were  tln-n  marly  new,  we  here  subjoin  the 
same  Company's  expenses  in  the  year  following,  in  order 
to  compare  them  with  those  of  the  Manchester  and  Liver- 
pool Railway. 

From  ,30th  June,  1854,  to  30th  June,  1835,  these  ex- 
penses rose  to  the  following  rates : 

En 


Ijiromotivc  Puvrr, 

Expense  per  ton  of  goods  or  coals,  drawn  1  mile  in  the 
direction  of  the  trade,  from  the  Company's  accon.,;  . 
41830';  make*  per  ton  gross  per  mile  on  a  level, 

..a.  '4188Q' 

(page  549) — 


■30915* 
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Maintenance  of  Road. 
BXpUM  per  ton  of  goods  or  coal*,  drawn  1  mile,  from 

tlir  Gonpuy'i  ueonnta,    20711""';  mule*,  per  ton 
gross  per  mil  ring  the  weight  of  the  wag- 

gons and  their  return  empty,  (page  5;"i7). 

•20707  X  %^ 1IM.V.' 


5-25 


Office. 


Expense  per  ton  of  goods  or  couln.  drawn  1  mile,  Gran 
the  Company's  accounts.  •07340'';  makes  per  gross 
ton  per  mile,  according  to  the  same  proportion  as 
above 03705 


T.  til  per  ton  gross  per  mile  on  a  level      .     .    -35U72* 
Ami  per  effirrtwe  ton  per  mile  on  a  level,  on  a  rail- 
wny  withimt.  return  of  waggons  empty  (page  557), 

•35072  x  !L95 -52277 

265 

These  expenses  do  not  include  the  repairs  to  the  wag- 
gons nor  the  expense  for  loading  them,  because  tin- 
waggons  on  this  line  belong  to  the  coal-mine  proprietors, 
win  1  bring  them,  moreover,  to  the  railway  all  loaded  and 
ready  to  start.  It  will  be  proper  then  to  add  here  the 
former  of  those  articles,  on  which  the  Company  has  con- 
served some  data. 

When  the  Stockton  and  Darlington  Railway  Company 
let  out  waggons,  which  it  did  till  near  the  end  of  tin 
1834,  their  repairs  were  found  to  amount  to  ,',   of  a  penny, 
or  OG25rf.  per  ton  of  goods  carried  1  mile,  or.  consid. 
tin-  weight  of  the  waggons  and  their  return    empty,  to 

•OG25''  x  ^-=  '032rf  per  ton  gross  per  mile.     They  coal 

the  coal-mine  proprietors  still    less:  some  of  thi 
entered  into  a  contract,  on  that  account,  at  the  rate  of  I  :> 
shillings  a  year  per  waggon.     Each  waggon  is  reekum  ;l  •<> 
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make,  on  D  average,  two  trijw  u  week  or  104  trips  of  -'<) 
miles   i-ucli  iii  u  year,  with   a  load  of  'i-ftf    tons.      1 
'  >  ■  ■.  i  ■ . :  i  i  1 1  llicn  makes  llu-  expense   iki    BUM  than  -M.itl.  per 
ton  of  coal,  or  'Oljd.  per  ton  gross  per  mild]  but  w<  v.  ill 
abide  by  the  rate  resulting  from  the  Company's  honks. 

Moreover,  wc  have  seen  that  to  render  the  expenses 
of  the  Stockton  and  Darlington  Railway  comparable  with 
nose  of  the  Livcq»ool  and  Manchester  Railway,  an  ad- 
dition must  In-  made  to  the  former,  representing  the  use  of 
cuke  instead  of  coal.  Ami  finally,  rimoni;  the  Liverpool 
expenses  we  are  to  take  only  those  which  occur  on  the 
Darlington  Railway;  which  will  exclude  the  articles  of 
loading,  cartage,  and  tunnel.  With  these  alterations  then, 
and  taking  for  the  Darlington  Railway,  the  expenses  of 
1834,  the  comparable  expenses  of  the  two  railways  are  as 
follow : 

Total  exjtentc  for  haulmjr  >•)'  tjuodt  on  railways. 


Deiiguation  <•<  tlie  articles  of 
tip"*t 

Exnenaei  per  ton  grnuof 

| 1-  pfl  mil'-,  on  *  level. 

pool  Railway, 
u(  Itat  Tcloct't; 
of  lH 
|»-r  linur. 

On  (he  Dar- 

lb| Itml- 

n  a] .  ■)  the  Co- 
loot]  .,f  s 
■  I  liour. 

Addition  for  coke  instead  of  coal     . 

•338- 

■I 

•204 
115 

•J  77 

■aw* 

•080 
103 
032 
037 

Total       .... 

Stationary  engines  and  tunnels.  &c. 
Total       .... 

■954 
-522 
034 

•4U3 

•  • 
M 

1-510 

•• 
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It  has  already  been  observed  that  on  the  Stockton  and 
Darlington  Railway  the  waggons  are  not  kept  with  tin* 
same  degree  of  neatness  u  on  the  Liverpool  and  M.-m- 
chester  lido.  i  hey  are  "xt-'l  only  f«r  the  carriage  of  coal, 
which  admits  of  their  being  employed  in  any  state.  They 
are  constructed  too  with  much  less  nicety,  iheir  cost  price 
being  but  from  £1"  to  £18,  instead  of  £.30  or  £  Mi, 
which  those  of  Liverpool  cost.  Nor  is  the  same  expense 
bestowed  on  the  police  of  the  road,  and  on  divers  acces- 
sory objects.  Cut  as  on  a  railway  for  slow  motion, 
destined  to  the  conveyance  of  things  of  small  value,  less 

cure  is  necessary,  it  may  be  considered  that,  under  the 
same  circumstances,  the  Name  expenses  are  to  be  calcu- 
lated upon. 

Thus,  recapitulating  what  precedes,  with  regard  to  the 
total  expenses  of  working  railways  at  great  velocity,  with 
simultaneous  conveyance  of  passengers  and  goods,  ami 
railways  at  small  velocity  destined  to  the  carriage  DM 
of  materials  of  little  value,  it  appears  that  on  the  former 
the  expenses  of  conveyance  for  passengers  will  be  -7-l  d. 
per  passenger  per  mile  on  a  level,  and  that  tbc  carrin 
goods,  exclusive  of  loading,  cartage,  &e.,  may  amount  to 
"95rf.  or  about  1  penny  per  ton  gross  per  mile  on  a  level  ; 
but  if  the  line  is  exclusively  destined  to  the  carriage  of 
goods,  or  rather  to  mine-work,  it  will  be  possible  t.> 
perform  the  conveyance  of  I  ton  l  mile  on  a  level,  ex- 
clusive of  loading,  cartage,  &c.,  for  ■  iGtL,  or  about  |  penny, 

that  is,  for  balf  the  preceding  sum. 

Besides   these   expenses,   which  refer  to   the   haulage 
properly  so  called,  the  loading,  cartage,  &c,  may  ocr.i 
an  additional  expense  of  -56 d.  for  every  ton  gross  » 
motion,  as  is   seen    by   the    Liverpool   and    Manchester 
Railway,  which  has  furnished  us  with  this  amount. 


OK    HORSES    as    v    MOVING    I'OWER. 
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I|  ii.    VI.    ()/  llir   r,/,i;i.tr  uf  liufie*  empiuiJi-H  a*  u  ,/iori.it, 


Having  shown  the  difference  of  expense  existing 
between  die  two  mode*  of  Douvoyanoi  mentioned  ai 

it  will  perhaps  he  well  In  say  :i  word  here  upon  the  use  of 
horses.  This  mode  of  conveyance  being  r.is\  to  esfahlish, 
may  in  certain  circumstances  he  useful. 

On  the  Stockton  and  Darlington  Railway,  where  horiM 
were  the  moving  power  for  many  years,  and  were  si  ill  so 
in  1684,  siiimltancously  with  the  locomotive  engines,  the 
rontrael  |msse<l  liy  the  Company,  for  the  hire  of  horses 
with  their  drivers,  on  the  principal  line,  was  but  for 
i  penny  per  ton  of  goods  or  coal  conveyed  1  mile  in  the 
direction  of  the  traffic. 

To  know  the  price  resulting  from  this,  per  Ion  grout  on 
a  Irrrl,  it  must  be  remembered  that  one  half  of  the 
Stockton  and  Darlington  Railway  consists  of  descents 
more  inclined  than  the  angle  of  friction,  and  that,  the  othet 
half  is  sensibly  level.  It  follows  that  through  ball  the 
way  the  horses  have  absolutely  nothing  to  draw,  and  that 
through  the  other  half  they  have  only  to  exert,  the  regular 

draught  required  by  the  same  train  on  a  level. 

Such  is  the  work  the  horses  have  to  perform  in  de- 
scending the  line  with  the  loaded  waggons.  But  moreover 
and  included  in  the  same  price,  they  have  to  convey  back 
the  empty  waggons  up  the  line,  that  is  to  say,  up  an 
average  inclination  of  -pi*.  This  work,  by  reason  of  the 
gravity  on  the  plane,  in  ncarlj  double  that  of  drawing  the 
same  empty  waggons  on  a  level. 

Upon  this  line,  then,  the  haulage  of  a  waggon  of  goods 
1  mile  requires,  in  consideration  of  the  inclination  and 
returns,  the  following  traction  : 
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1  loaded  waggon,  tuunely.  9  <i"'  tons  of  goods  descending 
Hide,  makes,  including  Ike  waggon,  3"95  ton» 
gross  carried  |  mile  on  a  level,  or  l*97f.  carried  1  milo     P97f. 

Tin'  same  waggon,  weighing  1*30/.,  brought  hark  empty 
up  a  plane  inclined  ^-J^,  equal*,  by  rowon  of*  the 
gravity,  3  tons  conveyed  the  maw  distance  on  a  level       300 

Ton*  gross  carried  to  1  mile        ....      -4  'Jit. 

Consequently  the  traction  of  2-G5  tons  of  goods  one 
mile  descending,  produces   a   definitive   tnu  I  the 

snmc  distance  on  u  level,  of  l-l>7  tons,  or  I'M  time*  as 
much.  The  proportion  is  less  hew  than  iii  the  case  of 
locomotive  engines,  because  the  weight  is  less  bj  that  of 
the  engines  and  their  tenders. 

Since  the  price  paid  for  the  hire  of  horses  is  -50<l.  for  the 

conveyance  of  1  ton  of  goods  1  mile,  it  follows  that  the 

locomotive  power  per  ton   gross  per   mile,  on   a  level, 

■50* 
amounts  to  — ■ — =  *2G7,J. 
1-88 

Consequently,  adding  the  other  articles  above,  we  have 

for  ihe  total  expense  of  haulage  relative  to   the   use   of 

bonea  as  a  moving  power: 

Hire  of  bone*  and.  driver*,  or  locomotive  power  .  "267rf 

Maintenance  of  the  road,  us  above '105 

Offices,  at  above Il.'l" 

Repairs  to  waggons,  us  above 

Total    per  ton  gros*  per  mile  on  a  level,  exclusive  of 

loading,  &c -44 1- 

And  per  eftVctive  run  per  mile  on  a  level,   441*  X  '657 * 

265 

We  perceive  that  these  expenses  are  more  considerable 
than  those  of  the  Stockton  and  Darlington  1  tail  way 
locomotive  engines,  with  the  use  of  coal,  hut  nearly  equal 
to  what  would  be  necessary  with  the  same  engines,  if  coke 
were  used. 


NET    PROFITS. 
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Skct.  VII.  Of  the  net  profit*. 

Before  we  pass  on  to  the  specified  statements  of  tlic 
receipts  and  expenses  of  nil  surfs  of  the  Liveqwiol  mul 
Mam-hester   Railway   Company,  W8  shall  t.ike  down  lien', 

from  thn  ut.i,  the  amount  of  the  profits 

madfl  fay  the  Company,  from  the  opening  of  the  railway. 
This  sketch  will  show  that,  if  the  mode  of  haulage  in 
question  neecWltetM  considerable  expenses  for  its  esta- 
blishment, the  profit-,  it  produce*  are  fully  adequate  to 
indemnify  speedily  the  Shun  -holders. 

The  road  was  opened  to  trade  on  September  Hith. 
1830,  and  from  that  period  the  dividends  per  share  of 
.£100  sterling  amounted  to  the  following  sums: 

Dumber  31,1830 £2    o    o 

JOM  80,  1831 4    10  0 

December  31.    I -S3 1 4    17  8 

June  30.  1832 448 

December  31,  1832 4     8  0 

June  30.  1833 4     7  6 

December   31,    1833   (besides  u    reserved 

fund  of  £4.1188  8*.   lOtf.) 4   15  3 

June  30.  1834 4  16  i 

Total  Sum  from  Sept.  1C.  1830.  to  June  30. 
1 834,  or  in  three  years,  nine  month*  and 
■  half £33  18    3 

This  sum  makes  9  per  cent,  per  annum,  notwithstanding 
the  reserved  fund  ^t  apart  by  the  Company,  ami  the 
extraordinary  expenses  inevitable  at  tin-  Otttael  of  an 
undertaking,  which  faring  the  firtt  Of  it*  kind,  was  neces- 
sarily obliged  t<>  pay  dearly  For  itn  own  experience,  whilst 

future  Railway  Companies  will  have  only  to  profit  by  the 
experience  acquired  fay  their  predecessors. 

Besides  this  high  tut •  r.  si  f.r  the  capital  invented,  the 
shares  of  this  railway,  from  the  original  price  of  £100 
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sterling,  IiikI  risen,  after  four  year*'  establishment  0 

6210;  ind  have  since  been  continually  rising:  and  I 
of  the  Btookton   nil  Darlington  Hailroad  bring  in  *  per 
cent,   interest,  and  have  risen   in  the   short  intern]   6f 
9  years  from  £100  to  £300. 

These  plain  facta  make  it  .mi  >  fur  us  to  add  any 

reflections. 

Wc  shall  be  lmppy   if  the  elucidations  already  g* 
with  regard  to  expense,  be  of  use  to  persons  who  may  feel 
inclined  to  engage  in  these  speculations,  which  cannot  fail 
to  be  as  advantageous  to  their  private  fort  >  o  the 

prosperity  of  the  country  nt  large.      But,  to   rcndei 
part  of  our  subject  more  complete,  \se  shall  conclude  tins 
appendix  by  giving  the  up- . ■ . - i t i »_ - ■  1  r*  of  the  re- 

ceipts and  expenditure  of  the  LJrerpool  and  Manchester 
Railway  Company,  from  its  origin,  in  September,  I HM),  till 
the  30th  June,  183-1,  at  which  period  the  Directors  ceased 
to  render  detailed  accounts  to  the  Shareholders. 


EXTRACTS 

FROM    THE 

REPORTS  OF  THE  DIRECTORS  OF  THE  LIVERPOOL 
AND   MANCHESTER   RAILWAY, 

mou   THE 

Opening  of  the  Railway,  on  the  16th  September,  1830,  to  the 
30/ A  June,  1834. 


STATEMENT  OF  EXPENDITURE  ON  CAPITAL  ACCOUNT. 

Amount  of  expenditure  on  the  conrtruction  of  the  way  and  the 
work*,  from  the  commencement  of  the  undertaking  to  3 lit 
December,  1833 £1,089,818  17     7 


ANNUAL  OR  WORKING  ACCOUNT. 

FBOaf   16TH    SEPTEMBER   TO  31»T  DECEMBER,    1830. 

Net  profits  of  the  Company       £14,432  19     5 

Dividend  per  (hare  of  £100 200 


HALf-YEAB   ENDING   30th    JUNE,    1831. 

Net  profits  of  the  Company        £30,314     9  10 

Dividend  per  share  of  £  100 4  10    0 

HALF-YEAB  ENDING   318T   DECEMBER,    1831. 

Tons. 

Merchandise  between  Liverpool  and  Manchester    .     .     .  52,224 

Road  traffic 2,347 

Between  Liverpool  and  the  Bolton  junction 10,917 

Coal  from  Huyton,  Eltonhead,  and  Hay  dock  coUieriea, 

brought  by  the  Company's  engines 7,198 

Coal  from  llulton  brought  by  the  Bolton  engines    .    .     .  1,198 
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Number  of  passengers  booked  »t  the  Coinpimy'i 

offices 256,321 

Number  of  trips  of  30  miles  performed  by  the 

locomotive  engines  with  passengers    ....       2,944 

Do.  v,ith  goods 2.29H 

l>'>.  with  coals 184 

Receipt*. 

Coach  department £58,348   10     0 

General  merchandise 30,764   17     8 

Coal  department        695   II     4 

£89.809      J      0 

Ejjientet. 

Office  establishment £902    3  10 

Coal  disbursements       60  15  5 

Petty  ditto 110    0  5 

Cart  ditto        60  17  8 

Maintenance  of  way 6,599  12  6 

Charge  for  direction 297  19  0 

Coach  office  establishment 589    5  9 

Locomotive  i«>wer 12,203    5  ti 

Advertising 59    3  4 

Interest 2,737     7  3 

Rent 900    5  3 

Compensation  (coaching  deportment) 156     7  5 

Engineering  department 625     0  0 

Carrying  disbursements 10,150   12  3 

Taxes  and  rates        2,763     5  1 

Stationary  engine  disbursements 269     4  7 

Coach  disbursements 6,709     7  11 

Waggon  ditto 979  19  8 

Compensation  (carrying  deportment) 786     8  2 

Police  establishment 1,490  14  1 

Law  disbursements        98     9  10 

Bad  debts       175  13  6 

£49,025  18     5 

Net  profit  from  1st  July  to  31st  December,  1831        .    .    £40,783     3     7 

Dividend  per  share  of  £100 4  10    0 

Net  profit  od  Sunday  travelling  per  share  of  £100      .    .  0     7     8 


HALF-YEAR    ENDING    30TU    JUNE,    1832. 


Tons. 
Merchandise  between  Liverpool  and  Manchester   ....  54,174 

Traffic  to  and  from  different  parts  of  the  road 3,707 

Between  Liverpool  and  the  Bolton  junction 14,720 

Coals  from    different  parts  of  the   road   brought  by  the 

Company's  engines        22,045 

Coals  brought  by  the  Bolton  engines  7,411 


RECEIPTS    AND    EXPENDITURE. 


575 


Number  of  passengers  booked  at  the  Company'* 

offices 174,122 

Number  of  trips  of  30  miles  performed  by  loco- 
motive engines  with  passengers 2,636 

Ditto  with  merchandise 2,248 

Ditto  with  coals        234 

Receiptt. 

Coaching  department £40,044  14     7 

General  merchandise  department 32,477  14     0 

Coal  ditto 2,184     7    6 


£74,706  16     1 


Expme: 


Bad  debt  account     .     . 
,  Guards' 


Coach 

disbursem". 


Carrying 
disbursem". 


and     porters'    wages, , 
£1,104  4  6.— Parcel  carts  and 
drivers'   wages,   £254   10   5.— 
Omnibuses  and  duty,  £1,082  0  7., 
— Repairs  and  materials,  £1,777  [ 
9  4.— Gas,  oil,  tallow,  &c,  £228 
14   6. — Stationery    and    sundry  I 

■  disbursements,  £441  1  7 -* 

r  Salaries,  £1,749  5  10.— Porters' -, 
wages,  £3,862  0  8.— Brakes- 
men's wages,  £461  5  9.— Oil, 
tallow,  cordage,  &c,  £461  12  6. 
—Carting,  £808  16  5.— Repairs 
to  jiggers,  trucks,  Ac,  £163  14 
11. — Stationery  and  sundry  ex- 

«■  penses,  £503  10  8 

Coal  ditto       

Cartage  (Manchester) 

Charge  for  direction 

Compensation  (coaching) 

Compensation  (carrying) 

Coach  office  establishment  (Salaries,  £573  13  1.— 

Rent  and  taxes,  £106  10  0.) 

Engineering  department 

Interest      

Fuel  and  watering,  £2,957  8  0. 
—Oil,  tallow,  hemp,  Ac,  £507 
3  1. — Repairs  and  materials, 
£5,947   6  5.— Enginemen's  wa- 

Lges,  £1,170  18  8 

Maintenance  of  way  (wages,  £3,929  8  0.— Blocks, 
sleepers,    chairs,    4c,  £2,668    12   3.— Ballast, 

£733  0  3) 

Office  establishment  (Salaries,  £652  8  6. — Rent  and 
taxes,  £77  9  2. — Stationery,  &c,  £81  10  5) 

Police  and  gatekeepers 

Petty  disbursements       »    .     .* 

Rent 


394    5     7 


4,888    0  11 


8,010    6    9 


26    8  10 

1,420    4  9 

308  14  0 

101   10  9 

288  10  3 


Locomotive 
power. 


680    3     1 

520    9     0 

5,966  14  11 


10,582  16    2 


7,331  0  6 

811  8  1 

1,356  9  11 

75  1  0 

1,840  1  10 
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Stationary  engine  and  tunnel  disbursements,  new 
tunnel  rope,  £330  10  .8.— €oal,  £265  7  0.— 
Wages,  £290  9  9.— Repairs,  oil,  tallow,  hemp, 
to.,  £165  8  9 £1,051   16    2 

Taxea  and  rates        '   1,109  14    9 

{Smiths'  and  joinera'  wages,  £586  "1 
6   7.— Iron,  timber,  &c,  £265  I        .  nnfi  ,„    „ 
0   9.— Canvass,   paint,  to.,  for  [         ' 
sheeU,  £155  10  10       ....  J 

47,770  15    5 

Deduct  credits 1,112    4     1 

£46,658  11 

Net  profits  for  six  months £28,048     4 

Dividend  per  share  of  £100       4     0 

Net  profit  on  Sunday  travelling  per  share  of  £100      .    .  0     4 


HALF-TEAR  ENDING   31ST    DECEMBER,    1832. 

Tragi 

Merchandise  between  Liverpool  and  Manchester    ....  61,995 
Ditto       to  different  parts  of  the  road,  including  the 

Warrington  and  Wigan  trade,       ....    6,01 1 

Ditto       between  Liverpool  and  Bolton 18,836 

Coals  from  various  parts  of  the  road  to  Liverpool  or  Man- 
chester   39,940 

Number  of  passengers  booked  in  the  Company's 

offices 182,823 

Number  of  trips  of  30  miles  performed  by  the  lo- 
comotive engines  with  passengers     ....      3,363 

Do.  with  goods         1,679 

Do.  with  coals .         211 


Revei/jh\ 

Coaching  department  £13,120     6  11 

General  merchandise 31,977  12     7 

Coal  department       2,804     3    4 


£80,902     2   10 


Eijinutt. 

Bad  debt  account 

r  (ttiards'     and     porters'      wages. 

£1,173     19    6.  — Parcel    cart's 

and  drivers'  wages,  £375  14  4. 

— Materials   for    repairs,   £464 

Coach  1    9. — Men's    wages,     repairing, 

dishursem".  '  £013  18  1. — (ias,  oil,  tallow, 
to.,  £232  1 1  7.— Duty  on  pas- 
sengers, £985  19  1.— Station- 
ery   and    pctlv    expenses,    £114 

*■  in  7.  .  .  : 


£81     6     0 


1,201      3   11 


l.iM'.illlOtlvC 

pom 


Charge  for  direction 
' peotatlon  (<o* 

Ditto  |  .arryingi   . 

Coach  office  evuLli-hment  (Salaries  £ 556  3  10.— 
ftcnl  nd  tarn,  £75  14  2) 
■i-iuig  department 

Inlerat 4,554 

f  Fuel  mid  w.it.ring,  £3,818  10  8. "] 
— Oil,  tallon.  hemp,  Ac.  £061 
1    9.  —  Matenala     for     repair*. 
45,73)  S  7.     Mart  wage*,  re- 
pairing, £3,352   16   2.—  I 
and    firemen 'a    wares,     £1,000 
.11  C. 
l.an  dMrai  an   I  ■ 

M  in  mi  .ii.iii.-.-  ..I"  way  (wage.,  £3.675  16  &, — Bin. 
ilrepcn,  chain.  Ac,  £2,S55  17  I.— Ballut,  I 
.CHI0  10  9) 6.H7H 

PattJ  ilinliiirwiiicnln 66 

Karri 

Sl.iiiiniary  tUJM  anil  timm-l  ■li-liiiiarntrot*.  (Coal. 
£309  15  3. — Engine  and  hrakc*men'<  wages, 
£316  7  5.— Kepmn.  gas,  oil,  tallow,  Ac.  £320 
U7) 852  17 

Taxca  and  rale* 3.183  IB 

(Smith*1  mid  joiuen'  wage*.  £583  "} 
0  5.-1  nin.   liinlicr.   Ac,    £350 
12  10. — CaiivaM,  paint,  Ac,  for 
.I...U,  £.11  0  0 
Office  eatablialinieut  (Salaries,  £623  18  0.— Rent. 
£85  0  0.— Stationery.  £18  9  0) 

I'l IlltO 


Net  profit  for  »ix  month* 
DMdmd  pet  ihaK  of  £100 

N.i  | I  on  Sunday  travelling  per  »harc  of  £100 


imi-vm   HHTUM  30th   3vsr.,   1833. 


Mercbatiihve  lietwreii  Liverpool  and  MlltirlWllCJ    .     .     .     . 
Ditto         1"   ilifT.-r.-ul    parti    of   the    line,   inch 

hi  and  Wigan 

10        lietncen  Liverpool 
Coatt  f t It   Lite/pool  and  alanchntei     .     . 
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Locomotive 
power. 


'  Coke  and  carting,  £2,795  4  5. 
— Wages  to  coke  fillers,  and 
watering  engines,  £338  16  10. 
— Gas,  oil,  tallow,  hemp,  &c, 
£760  15  2.— Copper  and  brass 
tubes,  iron,  timber,  &c,  for 
repairs,  £3,290  8  8.  — Men's 
wages,  repairing,  £4,115  0  8. 
Enginemen  and  firemen's  wages, 
£892  4  4. — Out-door  repairs  to 
engines,  £943  6  8. — Two  new 
engines,  "  Leeds"  and  "  Firefly," 

L  £1,580  0  0 

Maintenance  of  way  (wages,  £3,648  18  5.— Blocks, 
sleepers,  chairs,  &c,  £2,052  5  11.— Ballast  and 

draining,  £1,013  4  11) 6,714 

Office  establishment  (Salaries,  £624  19  0.— Rent 
and  taxes,   £62    18   6.— Stationery,  &c,  £56 

19  5) 

Police 

Petty  disbursements 

Rent 

Repairs  to  walls  and  fences 

Stationary  engine  and  tunnel  disbursements  (Coal, 
£155  8  1. — Engine  and  brakesmen's  wages,  £363 
8  10.— Repairs,  gas,  oil,  tallow,  &c,  £340  15  11) 

Tax  and  rate       

Waggon  disbursements  (Smiths'  and  joiners'  wages, 
£598  3  1.— Iron,  timber,  &c„  £320  1  4.— Cord- 
age, paint,  4c,  for  sheets,  £82  7  3)      .... 
Cartage  (Liverpool) 


14,715  16    9 


744 

950 

70 

601 

296 


9    3 


16  11 
4     7 


859  12 
1,891     0 


1,000  11 
18    4 


£52,900    9     1 


Net  profit  for  six  months         

Dividend  per  share  of  £100         

Net  profit  on  Sunday  travelling  per  share  of  £100 


£33,171  1 
4  4 
0    3 


HALF-TEAR    ENDING    31(tT   OECEMBKR,     1833. 


Tons. 
Merchandise  between  Liverpool  and  Manchester    ....  69,806 
Ditto       to  and  from  different  parts  of  the  line,  includ- 
ing Warrington  and  Wigan 9,733 

Ditto       between  Liverpool,  Manchester,  and  Bolton    .  18,708 
Coal  from  various  parts  to  Liverpool  and  Manchester      .     .  40,134 
Total  number  of  passengers  booked  at  the  Co.'s 

offices 215,071 

Number  of  trips  of  30  miles  performed  by  the 
locomotive  engines  with  passengers   ....      3,253 
.    Do.      with  merchandise 2,587 


AI'I'KNDIX. 


Coaching department                              ...  tji.Oni  6 

ditto .19.917  I* 

Coalahlto       2£»1  6 

urn. 

ml                          ...                                ,       .  I.  H 

Had  dclil  account 374  10 


Coach 


Carrying 
r»M«r»eni" 


liuirda'     and     porters'     wage*, 
£1,168  I  6.— Parcel  carta, 
keep,  «■■<!  ilriwn'  way 

I  7. —  Material*     (••r      r— »— iir  - . 
£689  12  6.— Men'i  uage*.   rc- 
|«iriiif.   XI. Oil    1    3.— ( 
ull.....mrtUge,  Ac.,  JCIVf.   «  11. 

I '"I.    ou   pasaengrrt,  £3,224 

II  ll  Siationrri  and  petty 
r\pcnic»,     aW?     I     J. — Taxca 

• Bi  .   £116 

0    8.  —  Uuardi'     clothe*,     .till 

15  0 

f  Agenti'     ami     cterka'     talarirs. "| 
£l,7Sa     16     9.  —  Porter.'     and 
hr»kr»men'«   xtgn,   hone   keep. 
Ac.  X'J.UOG  6  10.— Gb,  oil.  Ul- 
low,  cordage.  ■■■  i;  n. 

Hepaira  to  ji(tirer»,  irockt,  tfa. 
'i Ac.   £366  9    II.  —  Sta. 

3    1.— Taxe*    u.i.l     Manuel    nn 
.Vc,   £4.16  l;   7— Sa.l. 
Rat  (train,  £110  3  10     .     .     .      . 
Ccal  dl  ntt        



•      • 

Compciiiatiun  reeaoliiac) 

Cooipcnaatioii  (can    ..>  /  .     .      . 

Coach  otflc<  '  and  clerk*'  . 

Un<  "..... 

ii  rring  dejiartmrtit 

Inlcrcit 

'Coke  and  carting,  £3,197   t    I. 
— Wage*     to    coke     ullera    aad 

.,  £348    H  3.-  I 
■allow,      hemp,     cordac 
£8*4  14  9  — Hrau  ami  copper, 
inn,   linil-r,   Ac.,    for    repair*. 
X3.7i:.  n ',  wages  !•> 

pairinj.    ■.i.tul     «    in 
awl  aV*m»n'«  wage*.  £784  8  3. 


234 


7.130  16    0 


Looatnottie 


8.627  l«     Q 


«  0  0 

3.173  IK  Q 

141  «  H 

•as  in  n 

633  C  « 

31*  3  4 

.'•.WO  6  4 


13,963     8      I 


tn     platelayer*.    ) m, 

4c.  ■■■<     ■'■■       i I 

ilMpan,    kqrt,   ehiLn,. 

Ac.    jC2. •  1 1    2     I.— HalL.ting 

and  draming.    CMS   16    11.— 
-Nfx  nib,  eiin  n;  s  .    .    . 
Oflee  ntibUahmi 

nml  tMXm,  £75   U  3. — Stationery  and  piiiiiinir. 
£83  7  8.— Stamp.,  617  S3) 
Polic 

Petty  dUbtsMMBti 

Idnl 

Rl -|uiir»  to  nallt  and  fencri 

Stationary  engine  and  tunnel  di»buneincuU,  (Coal, 

£302   G  5.  —  Engine   anil   lirakeuiicn'*  waget, 

|    II    «.— Repair*,    gu,    oil.    Ullow.    Ac. 

Xllt>  l.'i  :■.— N.«  rope  f,.r  tunnel,  X2G»>  .1  6)     . 

Tuv  and  rate 3. 109 

"  Smitlii'  and  joinrn'  wage*.  X '  1 1  ~| 
II  7.    Tliii.lliiiliiiiHaTlim.Hi  . 

£700  9  1.—  Cordage  paim.  In., 

£2»  5   2.— Canviiu  for  .hceu, 

.£183  15 

i  .m!  n.;i-  |  Liverpool) 

law  dithunemeiifs 


di»liur»era". 


-Vet  prnflt  for  »ix  inomh> 

Knideml  i*r  »hare  of  XI no 

Net  profit  ou  Sunday  travelling  per  than-  of  X10O 

Hewned  fund  formed  in  the  «x  montlu 1,0*18 

hji.mih  Bum  30th  ran,  1834. 

r-im. 

M.n  h.ni. li  .   batWMS  Uwptwl  nd  Manehenter    ....  69.522 
To  onil  frimi  ilifferrnt  parti  ..i  iln    mad,  including  Warring. 

ton  and  Wignu 15,201 

■■  hi  Liverpool,  Manelieitcr,  and  llolton 19,633 

i  .ml  in  Liverpool  ami  Manrlienter         46.li:'.'.> 

Number  of  pawugen  li.ml.ril  m  tin-  CoUujl"*'t 

olticei 200,6*9 

Numlier  of  tripi  of  30  miles  performed  by  tlic 

loeoiniiiive  rngiiiei  wiih  pattengen  ....       3.317 

I  'i'lu  '..ill irii.iiullsr 

Htm jili 

CoarliiiiK  department £50.770  14  II 

Merchandise  ditto 41.08"   19     » 

I.  i.ul  OttO 2.925   15   II 

Kr/ient*. 

Uhtrtbuu  mc I  X1C  U    « 

75  12    3 


UM'KNIHX 

r  Ousnlx'    ami     porter*'     wig**,  ■ 

£I.1G7    11    10.-  I'arcel    rarta, 

keep,  ami 

OU    13  0.— Material,  tor  ro. 

f>, 

Coo.'. 

repairing,    £1,331     11    1,- 

:.ui  18    7 

dishurtcin". 

C3M 

M      6.—     1                         >a*MBg«r». 

£3,008    1    II— Simiuii.TV   ami 

pettr  erpraaea,    £163    2    4.— 

Tun,  insurance,  ttc,  oa  ortloej 

^  and  atationa,  £65  S  1 1 

[  Agtntt'     ami      rlerW      \  a  Uric*.  * 

£1.71"    ll     .'                       mhI 

linleunenS  »»(«,   Iwne  keep, 
oft, 

Car. 
aKibunciii". 

1706  i; *. 

—  Itepun  lo  ji|TC"".  IniiAi,  it*. 

MM  ii  n 

in.     I    8.  — Su- 

.  ry     ami     petty     etptaata, 

10    3     2.— 1aW  ■.     laWIUli 

.M    nfficrt    and    Mai 

£461  6  '-'           .... 

15     1     H 

2.088    0    2 

X8!)    It     <l 

Conmnulion  (cimiiii::              

Cowl.                                Nil  i  \i;ciit»'  an.l  clerW  ■ 

2d    3  10 

Ml    *   o 

i- 

i .  i  1 1. — K.nt  MdmatA!  i  1) 

C78    3    0 

3i2  10    0 

5A4C     4     0 

a*d  caMtaf,  4t4M  11   L 

—  Wagea    to    Coke    llllrr..    anil 

waarrtar,  •■■                  >6  19  5.— 

!iemp,Ae.£Ml 
18  4.— Capper  anil  braaa  i. 

bw  Iffi 

Imti.                           I.ir   repair*, 

OHO  19  6,— Mm',  oanifor 

repauriiir,  £4,432  8  8 Engine- 

mrn  and  tie  men' t  mro,  £816 

15.611    17   10 

|*.nr  r 

11  3. — A   i                   .  £700. — 

iMi*  rngiii.',  bout  ami  taiog 

for  repairing  tlicila  anil  uuterang 

100    0    0 

,  Uagra     and     ouall     nialnul.. 

Maiart*. 
■un  of 

MJBI     2    5.— Stone.    Iilocmi, 

alerpen.  .•- 

Nrw   raila    and    ehain,    p 

0,330  17     3 

"••'• 

cronlaan.  At..  £3.153   U   5— 
H.IU.I  ami  iMdinr.  £4*3  1  ■    .- 

OfiM  wuMuh««M  (Satarlea.  £81*    II    1.— He. 

t 

877     2     4 

1.016   18      1 

60     0     • 

r     i 
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Stationary  engine  and  tunnel  disbursements,  (Coal, 
£327  12  I. — Engine  and  brakesmen's  wages, 
£385  7  0.— Repairs,  gas,  oil,  tallow,  4c,  £273 

II  1) 986  10 

Tax  and  rate  . 1,778  16 

"  Smiths'     and    joiners'     wages, " 
£773  3  8.— Iron,  timber,  4c, 
£728    12    4.— Cordage,    paint, 
4c,  £109   19  2.— Canvass  for 

.  sheeta,  £240 

Repairs  to  walk  and  fences 


Waggon 

disburse  m". 


Cartage  (Liverpool) 


2 
10 


1,851   15    2 


644    0 

80  17 


£60,092  15  11 


Net  profit  for  six  months         

Dividend  per  share  of  £100 

Net  profit  on  Sunday  travelling  per  share  of  £100 


£34,691  16 
4  10 
0    5 


THE  END. 


PRINTED   BY   w.    HUGHES, 
kino's    head    COURT,    OOUGH   SQUARE. 
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"ECTURE,   CIVIL   AND    MILITARY    ENGINEERING, 
MECHANICS,   NAVAL   ARCHITECTURE,   &c.   &c. 

BY   JOHN    WEALE, 

-^VUCHITECTURAL  LIBRARY.    59.   HIGH    IIOLBORN. 

*^'%Miet  Stock  of  alt  the  approved  Publication*  relating  to  the  above  Subject*,  and  /*» 
fine  All*,  vhetlurr  Foreign  or  Domettie.  u  constantly  on  Salt. 


I. 

Jurt  Published,  in  large  4to.,  Price  lSi. 

JjQlES  OF  MODERN  ENGLISH   ARCHITECTURE. 
THE    TRAVELLERS'    CLUB-HOUSE. 

By  CHARLES  BARRY,  Architect. 

**«id  by  Engraving!  of  Plana,  Sections,  Elevations,  and  Details,  by  J,  II.  Lb  Kxvx. 

'thsn  Essay,  including  a  Description  of  the  Building,  by  Mr.  W.  II.  LEEDS. 

"*«^,  complete  in  itself,  is  proposed  as  the  first  of  a  series  under  the  general  title  of  "The 
Modem  School  of  English  Architecture." 

*•       engraved    by    J.  II.  Le   Keux,  from  the   Drawings  <•(  Mr.   Hewitt,  are  examples  of 

'  '  s  is    ipecics  of  art.     We  do  not  believe  that  any  artist*  ili.n  traj  lived  COoM  arn  ii 

Vrill  afford  exemplars  both  to  architectural  draughtum-n  ud  (BUMUIj  »»  "'II  M  M 

•*»  "selves;   and  will  go  down  to  posterity  as  the  remains  of  Grecian  architecture  have 

**ss. 

before  us  seems  to  he  exactly  the  sort  of  commentator  to  grapple  with  doubts  and 

**  'on.,  since  hi  El  DM  bumpered  with  lohool  prejudices  and  convent aliticv ;  hut  rmu- 

*"ght»  and  sound  reflections  on  his  subject  with  good  taste  ami  elegant  diction.' — 


2. 

50  Plates,  neatly  engraved.     Imperial -li  Eg,  8*. 

ORNAMENTAL   IRON  WORK. 
^ "**jj".  boson,  ruounn,  ami  hails  op  thb  boyal  parks; 

™*^    others.  Including  the  Entrances  to  the  Sultan's  Falacb  at  Cokstaktiicoplb. 

('V<  bliahed,  n.iitaining  25  Plates,  Price  £\.  it.     Part.  II.  will  be  ptfttfBDcd  ta  1VI>.,  1840. 

**•*•.»  of  Engravings  uf  Plans  of   It. -gent's,    llyih,  ami   Si.    Jmues's  Porks,  the   Lodges, 

T**»      Ornamental  Rails,  &r.|    with  those  of  Hampton  Court  and  Greenwich;  the  Gate* 

r*     this  country  for  the  Sultan's  Palace,  together  with  other  very  intere*ting  examples  of 

'J**~civnl  style.     Designed  principally   by  John  Nash,  Dccimus  Burton,  5.C.,  Architects; 

old  alyic  b)  lnig"  feM  '  >;■'■■- r  VrV«    ftC. 


WORK*    ll'IM.IMIF.D    BY    JOHN    WEALS, 


.3. 
TKF.DGOLD    ON    THE    STEAM    ENGINE 


ON    STEAM    NAVIGATION. 

very  important  mil  intern  ting  volume*,  comprUing  124  very  eUl«rate  ud  bearatifally  wii"* 
,  are,  in  Sections.  Bltvatlous,  Wwa,   Dctalla,  Ac.  of  the  highest  utility  to  the  Engineer  aa> 
t,  ID  Umftctom  of  Marine,  Locomotive,  tad  Land  Knginra; — the  science  being  dnmUw 
ami  explained  liy  the  iuu*i  eminent  practical  men  of  Hritain.     In  2  4lo.  vola.,  pica  £4.  44.,  nrlatlasl 

THE     STEAM     E  N  G  I  N 

Comprising  »n  account  Of  it*   inw-niion  anil  pr«)gr«t»he   inipro»cnirnt,   v.illi   mi   ivh.iiuiiih   raf  to 
raiNCirna,  mil  the  r-aoroaTioNs  of  it*  casts  for  Krncir..vcr  mil  anniuiii ;  detaialag  ilo ■» 

Ion  to  s  >-.  i  .  vr;.'v.  Uiioko,  [MUflll  M.icmsu,  \c,  mil  the  Remit  in  auiru-n.- 
for  Practical  I.' *e.  with  Notes.  Correction*,.  ..mplet,  relatiog  to  Loeamotivc  UHlrtUaor  Bafiao. 

KB  n  IT.  s.  B.  WOOLKOI  SB,  KR-A-S 

rin-   nlK.hraii:    part*    Iramfiu-nu-il    Lata   Mq    I'M.  lie*!   KiiUm,   accompanied  by   Ksampsra   ft— rlfl-***' 
explain.- 1  fin  llw  Working  Engineer,  with  an  uupli- 

APPENDIX, 

Containing,  besides  a  vmt  aeon      PtBMtMl  f'aperi,  an  Eleinenlar*  ami  Pirn  : 

Locomotive  Engine*  now  in  ur.  illn.n.i'.  ami  the  Principle*  and  1'rmctios 

for  the  pm-po»e»  of  Navi»:»i>im  .  irl>.  r  n.  Riven  IB  M  Boa;  ■■'  •  "■"'  mil  prof rt aaissi  sti 

various  E  samples  of  Engine*  constructed  for  Sea,  Wax,  ami  Packet  Visas-la,  sol 
Itnat».  bj  1 1.,   in.,  i  .  in  in.  hi  aUkcn  erf  England  and  Scotland,  drawn  out  in  Plans,  EicvatKma,  Voctiaaa, 
and  Detail*,  with  ■  Scientific  Account  of  each,  aud  on 

stkwi   NATAL  AHCIIli  El 

Showing,  by  eitrtkagmd  the  latest  Exam).!.  tni.-il.in  of  War,  Sea,  and  PsekM  Vrawhi  tMr 

Naval  Architecture,  „.  ajifUxil   to  'I'.-    Impelling   Power  of  Steam  fur   Soa  and   Rh 
portion  of  the  work  is  edited  by  several  very  cmnu arl  slop  lluildrrs — 

ol.l\  I'll  I. AM..  Baa,  of  II. II.  LMck-yard.  Woolwi.l,. 
J.  riNCH  *M.  »:-.,..  n. \|.  Dock-yard,  Chatham. 
T.  J.l.ITt ■IIHI  UN.  Ba**,  Dejrtlnrd  and  Hlnckwall. 
The  new  subjects  in  that  edition  consul  of  tat  works  of 
Booltoa  •mi  Wall.  uu  Morgan,  Esq. 

Messrs.  Hail,  Dai 
MamUlay,  Sons,  and  field.  Edward  I  li  «d. 

Messrs.  Seaward.  Meaan.  Hague. 

Robert  NiaHcr,  Bsg,-.  Glasgow.  Mr-am.  Claude.  Oirdwuord,  ami  i 

Messrs.  rairhiirn  and  Mmrav.  Mr««rs.R.SI«phen»ooaudCVt,Newea*tlr.ojwinTyn«. 

BfuiMtrB,  by  Prrmiiitoii,  to  Rrr  itlA)riir>. 


hot  or  rum. 


I.  InMmlmMairfiiMunUiMsUav.  OS.  saws  si 

1.  Taw  -erJuas  «7a  STtkwusral  atsaas  asOwr.  Kiasst. 

*.  nroBi-w"«M/|.«rMwt»irfr««int>Wwsw»tiyiaai>laiiy.         Utrs-i 

«.  Bath  ass— «sw  wishst  arwk  (i  in  i  ainsiiliack.  iarrcti 

t.  lt*MU.(4s4u«ubs<Ol^(<w>nHMswwlswfV*>sf«-        aaaar 

la.  miailnlf .  «   Soav*. 


lasmswasrMiv 

S.  MM  *  s 


a^aaa»as»aas. 


,-.    Rctwowsss  las  CUSWUlKlMia  "T  |>Ml»W. 

S.  rati.  iIIihIkkIIIiii  itgDM. 

0     InW"  fu»  •  »-'•"•«  •B'l  atnaln*.  aSasro  ||ii««m 

PaisaM  asoUsr..  ar  nasbuwawsw  ww  ss 

CiMwiiisatsiiimwi."  inaoseaastsse. 

sw4  akri  alias  is"  as  ain-i*|>k*>ir  atuafwaaj  satis* 
•W  iWM|  wssrt  ream  s  wiins. 
II.  luavsm  sai  V>  ■'  ..frKjis.. 

li.  Iiaalaa  stasst] aaa***  f.»  nlswa  *•»•». 
14,  fcv  laiiairms;  ssasalatty.  bi  Fern- 

li.  Mmailu-. ssetshW «w«va« 


•*.  Mas  alrrsiirw  asd  rnss  sseskas  W  a  •asaas 
II.  Blaastsa'stsrna. 
-asrVasTsals-* 

.  ia>ctfHa  »sl«s. 
■Sanaa  i  di ■• 

•,  W  ller  UsIiMi-s  sbass  *«swl  AfrUaa. 
>S.  lawVfs  si  Hw  MsnO'i  ssssss  m«na>  Maaas. 
as.  Psdit>  aberk  ol  Mseaaa  saw  tu  ■ 
li.  rv.io...  U  a  s\«i  J  m  fsrfialiaa  wW.i.  asl  saw  af  a 

Sfftaal  srtlnf  wbssI.  *•  s  »«a»t  w  u^i 
wa.  CwliUilaaaTli  aassrtsMsassssasOf.. 
*7.  ss.  IIWMrsle  Cwstass  Obis',  pat** 

.an-—  MUtsllvas  as*  a 


swasss,«asi 


■Vera   af  sinsw  la   las 
taw   wawMM    mtsBtn   at 


>}.  Hart  i  4  af  s  assass  (aaaal  allA  Us  U0»  I*  l->  |aw1a. 
IS    liianlwssl  aa«|a.  i  ,    Inal  iWfVSa  aa    HrM 

aawl  a*  aano— i 


•>.  Ksbltaaa  liar  nrkax  alluslMa  of  a  trial  al  afllar  al 
Ik*  Madsa,  arMk  tk*  l*Sar4*«u,  Vanr«a*.l.  ».i 

a*,  via  ma  al  ra*  »«•>«•<  af  ik»  k*i  it..a».  a,  i 

rsalrrVarr.  alaalr.  rsaaaia. 
>l.   l,«<iia.J  ». 

•arnaa  sf  aariwaa 'I 
s*>.ans»as»aaaaaTifc.as*j»»*fla.  Nil. 
as.  Pisa  al  Iks  racasr  sf  o-  - 

sarraoas  af  saftass  i_ 

(nasaa  fV.ai. 

/ram  ran.. 


Hit   l>>**  tartsoaa  af  sasruars  of  ik*  Nil., 
sy,  as.  ss,  KNl«-  at  Mar  aTs,*.!,-.  Maw.  wl 
ss.  Kasaass  J iu  Rabt  Urs.iianl  sarasi. 
a.  af  Ike  cngaes  at  Ik*  l»a 


aula  r.aaMiii',  part*.. 
|,    aaaarsa  J  Mar  lisara:,-.  aMfa 
It. 


I 
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\,    Rlcftttioa.  plui.  «nJ  Iwo  -wcf-ioni  nl  die 
f  the  mimoA  Uumiui  fleam  pI.ij-  Juun  *n.l 

tOBpfOWMHto  on  tttttio  €f>cinn> 
a  of  Hot  Majat.-.  dob  •Siu  Mtfstra. 
..    RrHrlna*  of  th«  Hull  and  London  par art 

DaaaMl  •  -.  i.mii  "f  II |.liri  »'•  |-.l^nl  roirtoa 

jriludiuul   chrradon  of    Huinpbrra  «   marine 

Bag  "I  Ibl  .team  narket     :  ■ 
o.  front  elotuou  of  .  p.ir  ..(  Hun 

of  thramrmn  of  thr  I  '.rtlW.I. 

rtt.fltp  none  power  engine,  ronnn 

I   '".I  '  ■■ 

».  Tea-lioTM  power  engine,  constructed   by 

skrnftCo. 

of  *  lornmotlsr  mesne,  Htsnbope  and  True 
simi.i.,1  I,  <t>phcr>«cm  and 

twnrtlt  upon  Tjn«. 
8Mb, 

vaa  of  ditto. 

dee  com  Mid  eonnretin*  mdt  nt  illtto. 

•  let  and  platOD  a(  lafBt  >-f  .lilt'. 

•truon  of  boiler  acaluiR  for  a  tweott-borae 

:  tha  manufactory  of  Mton.  Wbitworlb  ami 

eheatar. 

'  Mruc'«  double  a/ting  r  t Under .  with  alldea.  He. 


?•    Bi.  Sotliou  of  lh«  enjloee  of  the  Kanaka 
•taam  traari. 
•I,  »».  Uaala'a  patent  rotatory  rnirinr. 
;-,s.  Mr.  Ayre'-  mrffitini  a  In 

riiru.. 

Ii  rcrj  bauartaal  nthjexfl  of  sll  KhmU 
...lie  traaaaV 
44  to  *-  .•     enRirtr.    aHataJ    !■ 

lies..  I.   .1  rhelar*  water, 

work*, 
aoeofn.  Fntrn'  -npne.   made  by  Mnan,  K. 

flUTi>>rn»oii  and  Co.  for  the  London  uh!  llirmtn|*aam 
Baftrajr. 

(4.  Uras.ii..-.  of  ibe  Comet.  Ibe  firM •lean  b*U  la  Europe. 

(M.    The  Paths'.  .Irani    .r..el  .if  »„.  |l„ 

at,  jM.  To.  Hon.    Rait    India    Conipan)'e    ttran  reaarl 

llrr    B 

'•rAUfbt  of  Ibe  Porkea  ateaiorr.nilneae  riff**!. 

idarl  lad  lUo-tr. 
py.   l>.  kh'i  scram  pacaet  Ituby. 

|M  t..  IM    Her  Jlajdj's  Hnin  »»l of  nr  Medea. 

■.i  of  the  if  i  la  aua«i   - 1. .  i . .    loull  I... 
Ibr  Pact,,  of  ftapl. 

110     !!•    l:,i|.rrial   Majclj-'s  inntd  .Uaui  TtaarJ 

iraof  the<trani  shin Tifff. 

112.  'fbe  Adrui' 

113.  Portrait  of  tbe  late  Mr.  I 

I  It.  Portrait  of  the  lue  Mr.  TrcJas>ld. 

114.  117.   IIS-    IUi..:i.t.  .Lin.  ntnjauon  .n  Amaru*. 


t  publication  of  Mr.  Tredgold't  Murk, 
the    iiiimi  important  mechanical  and 

r  our  age,  »a»  to  rd|hl 

ii.  h. ,iii. ■.  iieiflt  ir..ii.!.,i..i  bno  ii" 

I,  we  bclicre,  oihrr  language!,  a  new 
i  tmps-Tatlxely  called  for.  That  fall 
umnd  BJ  IM  pi.  ■Hi  enlarged  work. 
iaj  'k-.-ii  nnli.iilii-.l  the  prngreM  and 
m  of  Hi  ii  might}  pyni  Sn  .mi, 
■lion  of  it»  principles,  ami  a  practical 
uar»  and  clfeeta  In  ateam  vrsaeb.  atearn 
nd  nilroaila.    When  we  look  around 

i    •■(  ii"    i ry   clianj 

tlie  rt|<edition  of  a  week  oimpretarxl 
le  day:  (he  limit*  of  pleasure  and  of 
Idely  extended  among  all  claates  of 
pw  vraata  rreateil.  and  new  wlihet 
ngadO]  uuifUtlil 
itory  Ufe  ;  the  «phere  of  city  lintnc*.  at 
ilarged  by  a  circle  of  rural  mile»  ;— 
act.  we  >ee  the  pmdigtoui  alteration 
ittr  aocia),  ii»ii'.ti.-»l,  ci-nnomleal,  po. 
>nal,  an.l  iBtrVnattorraJ  n  tUBt, 
iweri  of  thn  T»»t  entrine.  tic  cannot 
r  Ibi  rll'ort  to  offer  u»  a  jiut  anil  am* 

i "I  ii  I"  he  mic  ..I  the  iuo»t  me. 

,,.,;, i  ii.,'  ..  . | •.  ..I  iiiilivnliiul  imlutirt. 
.hour.  We,  uerefdra,  IHteli  '!"•  pdmo 
Bed  to  Mr.  Treda>nld,  the  antbor,  and 
Ibe  enterpriiing  publlther,  who  matt 
del  a  vetj  Urge  rum  on  the  rktk.  far 
ItorUiii 

parent  that  it  it  a  puhlii  iiiimi  of  frreat 
and  great  worth.  Above  a  hundred 
-,  He.  Ac.,  illustrate  it> 
u  and  many  wtmd.cun  >ctvr  further 
Ihe  con i.  mil  intellitrthle   to 

city.     Thui   the    actiuil    n|Krnti>int  of 
■Uaa   anil    Walt,  Maudtlay  and 

rarda,   '  Olaagoar,  and  otner 

ectuujiciaua,    and,    we    may    avhl.    en- 


liBhtenr.1  phfloaophera  at  well  at  experienced 
artiMuis,  are  explained  to  tu,  and  aet  before  our 
ey«  so  a*  to  be  palpable  to  the  underttaniUng. 

-*me  way  ilo    loe Ihw  of  UM  Mnan. 

Stephentoa,   of  Nawcaitle,  il  | ( 

the  elegant  genemment  sleaio  lxmtt  of  Mr.  Ijng. 
rfV luich,  and  Mr,  I  im  limn,  "i  ChathaiT 

i-    a  delight   i"  notice   »•  we  pa> 
ihiwn  lb.- ri"  ..In.  I  f.imilmr  to  m;  and 

we  care  little  to  xt-»  nunelin  about  hypothetical 
improrements  and  untrie.1  experiment!.  We  hate 
wilimaed  an  many  pacudo  cjerUni  ami  undi 

iniantkmi  (•£!,  thai  '•■•  bar*  boootoe  ratba*  w-«p. 

tiro)  when  we  hear  uf  patent*  that  at. 
all  that  ha*  been  done  before,  or  liaten  to  the  dic- 
tatorial la*,  nf  ptv.jilc  whiim  we  hate  known  to 
be  more  frequently  wrronr.  than  ri|rr.t.     Wr   are 
glad  t-i  <cver.  that  in  thia  new  oditifm 

most  trf  the  erron  of  the  formrr  have  been  cor. 
reeled ;    and   what    qtintionable   ttatementt   nr 
i   may  remain  ate  not  audi  »%  to  impeach 
.i  uiiliii  of  the  nnhlicatlon. 
4  The  Ap|Kii.li\,  iml.  ■.  i  of  much 

Ttie  niln  of  practice  are  well  expounded, 
Brd  t  -,r  i.ior !,, ni.,iical  calculation*,  remodided  Lalo 

arithmetic,  »tr  raedleat  f«  I 
toabliii|  Hi rrking  raaa  ("  ttperatiri 

failnii:  :"Tfono  lua  duty. 

•  Upon  the  whole,  not  to  dwell  ajwn  either  real 
or  auppi.Mil  in  i»!  !■  i  iiona,  totepuahle  | 
j.i ...|.i.-t ion  riiihraciiix  as  s«tt  a  aumher  nf  rcao- 
I  matter-— a  pTOtJaeUoa  MrStrag  .if  thinir. 
in  an  ahnoit  daily  •ute  of  partial  transition — we 
ind  to  prouoUDCc  thit  treatise  lo  be  a  an 
able  and   utufactory  npoaitM 

ami  railroad  Iras 
prrwut  timr;  ami  >•  tiicb  we  lirartily  rt'CtiniDafiul 
it  »o  the  public  at  large,  both  at  hoane  and  on  the 
continent,  where  iti  predeceaanr  baa  hitherto  been 
■liinliu.1  work.' — lilrrarf  C'turllt, 
Aoyiut  3,  1839. 
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4. 

In  |  -.i.U..  very  neatly  half-bonnd  In  morocco  or  rutila,  gilt  tojn,  Price  £5,  &#. 
TKEDGOLD  ON  THE  STEAM   ENGINE  AND  ON  STEAM  NAVIGATION. 


In  2  vols.,  clegantl)  bound  in  rotsix  or  morocco,  gill  leave*,  Price  jCS.  lit.  6<f. 

TREDCOLD  ON  THE  BTEAM   ENGINE  AND  ON  STEAM  N 

•,•  This  work  1. .-  iMmk  tiy  tin  at Chpil  Eaghi n,  ai 

other  Institution-  Kugineen  fur  present*  to  their  Pupils,  can  be  bad  la  any  mWi  I 

of  binding  by  giving  seven  days'  n..i 


6. 

la  2  voU.,  very  neatly  half-bound  in  red  morocco,  gill  torn:  the  Ten  in  quarto,  an  J  llv   Pinto*  | 
separately  on  Han  -  folio  paper,  Prici  -t'7.  T«. 

TREDGOI.D  ON  THE  8TEAM  ENGINE  AND  ON  STEAM  NAVIGATION. 


7. 

The  Plate*  sold  separately,  on  Ool  »,  very  neatly  half-bound  In  red  morocco,  gill  t 

Price  £&.  1*. 

TREDGOLD  ON  THE  STEAM   ENGINE  AND  ON  STEAM  NAVH 

•»•  In  many  ImUbV  rk  in  2  volt,  have  alio  poasessed  thrimrfii 

Plate*  in  a  separate  form,  not  only  for  practical  use  and  refcreuce.  but  at  a  Table-book,  to  cUnbet  I 
splendour  of  the  Steam  Machinery  of  Britain. 


8. 

In  quarto  sire,  (Tata  ft*B  dtWately  engraved  Platen,  and  numerous  Wood-cut*  of  Detail*.  Price  C  1    1. 

in  rliilli  iMiardl. 

DESCRIPTION  ok  tub  PATENT  LOCOMOTIVE  STEAM   ENGIN1 
or  Uiim,  BOBBBT  BTEPHENSON  and  Co, 

N'KVrCASTXK     ITON    TTNR. 

V  Tbe  al»ic  Wart  i«  *»»«!  to  tlic  publication  of  the  ted  tdHiOB  of  tV'Irnld.  and  lin*  Wen  *J_ 
I    separately  for  the  use  of  thoae  who  drtirr  *  |ierfivt  knowledge  of  the  l-ocwittotivw  Kaffa* 
Mfsvate  fro**  other  Steam  Engine*.    The  deacription  ia  both  popular  and  acisatinr.  ami  wa*  . 

the  itMnediate  superintendence  of  Robert  Steabensoa.  Esq.    Tbe  Bograrkwri  are  large,  an  I 
unlaw*  rxamplri  of  mechanical  engraving.    The  cost  of  the  f..ur  Hairs  »as  £400;  Hie  wood 
40  in  number,  are  rspUnai"  |  ..fetalis  of  the  Engine  at  cannot  be  lb-" 

Pit*,  Croas  or  Tranivers*  SettsM  ;  in.r  «•  well  de»cri^.l  in  language  a*  by  the  ocular  ■; 
thaae.  i  I  u  they  are  with  the  descriptive  tesl     It  will  be  found  thai  Unary  anodes* 

Kagttic.  which  owe*  Its  present  improvements  to  the  Stepbenaont,  is   made  *ml»lilr  to  i 
b*fai|  explained  In  the  plainest  language,  and  .luetic!  of  mathematical  formula . 


9. 


I  APPENDIX   A.  to  tii      NEW    EDITION   of  TREDGOLD 

STEAM    ENGINE. 


..!'.•,  -II 

Jost  published,  In  At***  febo  aba,  naaniras  with  Telford's  vara*  and  the  Atlas  conic*  In  "nsUiill 

12*. 


■  !:»r». 


riite  I. —Iron  Steam  YaebtC*>ir-st*rwi,e>>a*<nset*d 
by  John  laird.  Han,.,  Birkenkead.  I JveraooL 

Plate*  II.  an.l  III.— Iron  bteam  Ship  ««wUosr, 

betoasTVag   as   tbt    lirtirral    Steam    Navigation 

Con>i*ar.  dracgbl  lint  at  hottonx,  fore  body 

to  a  iargr  u  tl  . 

/'late    |V<— HawJ   erf  tbe    F.aspoe*    of   Oo-horse 


■www  each.  504Mb  cylinder*.  44  Mr- 

ky  C.  Porrealer  and  Cn,  of  Uvwrnool.  and  toed  1 

on  board  of  tbe  AtwasW. 
Plate  V.-Ssde  Eleeattna  and  Section  of  ll 
Pint*  VI.—  Tranivertr  Section  of  ditto. 
Plat*  VII.— Draught    of  U.«   Anuria** 

Sleaas  Ship  ftuW     Half  lU 


AHCIUTECTI'IIAI,    LIBRARY,    5!),    BIOS    HOLBORK. 


1 7  feet :    distance  between  the  water  lino,  2 
feet;  fore  and  after  bod]  precisely  alike. 
Plate  VIII. —  Plans    of    Ibr    1'pjK-r    ami    Ixiwer 
Decks    of   the    Admiralty   Yacht    Firetmd, 
showing  the  titling*  itid  convenience*;  drawn 

Mr.  June*  Ban]  Leaf*  of  VoeMeh. 

U  TEND  13   !'..  n  in  ptVMrMto.     flo  •  five  Engraving*  of  the  Ntata,  the 

Steam  Engine  in  the  Royal  Anenal  at  Wi.  .ther  intereating  auhjecu ;  logrtlir.  with  the  Text 

for  both  Parta.    Price  12*. 


Plato  IX.  tod  X.— Plans  of  the  rpprraml  Lower 
Decks  of  the    Iron  Steam    Ship    .V-rsvi, 
•In  I  r  Imperial  Majesty  the  Em] 

nf  Kii--i»,  u  Messrs.  Paltbalrn  uid  Murray, 
Mill  WiB,  Pepte 


10. 

Just  published,  veil.  .'.,  nith  K'reral  Plate*,  Price  £1.  5*. 

PAPERS  ON  SUBJECTS  CONNECTED  WITH  THE  DUTIES  OF 
THE  CORPS  OF  ROYAL  ENGINEERS. 


i  OKTBMTJ 


lot  rod  union. 

Memoranda  relative  to  the  line*  thrown  up  at 

cover  Lisbon  in   1810.     By  Colonel  Josix  T. 

Jon*,  Royal  Engineer*. 
Mi-iiimxiiil*  relating  to  II  of  Cadi?.,  and 

explanatory  details  of  tin'  Potilfon  intrenched 

in  the  British  tmopt  under  LiriiKuant-General 

BBAHAJC,  Ml   1K10. 
Iiiitrmlioii:.   "I  ihc   Mum-Iit  of  War  conccninii< 

tin-  HodeMowen  approved  nf  bj    Kapoleon. 

Translated     by    l.irul.    I,unv,    Royal    Kuk>- 
neen. 

Report  on  the  Demolition  of  the  Revetments  of 
nf  the  Old  Works  at  Shccrucss,  on  Sa- 
turday the  14th  July.  I :-  J 7 . 

Letter  from  Linit.-OIoiiel  Kouaar  Tkomkow  to 
Lieutenant  Disuiin  on  the  subject  of  Furnace* 
for  heating  Shot. 

Mi-nun.  on  I'i.mmi.  by  T.  R.  Statslt,  Esq,.,  late 
Captain  Royal  Engineer*. 

Report  mi    II  ulge.      By  R.  J.  Naiaow, 

Lieutenant  Royal  Engineer*. 

Rough  Sketch  of  the  Suspension  Bridge  over  the 
l.alni  lit  Nassau.  By  R.  J.  Naxaos,  Lieutenant 
Royal  Engineer*. 

Deluded  Description  of  some  nf'  the  World  ""  '!"' 

Ridcau  Caunl,  and  of  the  nltcratioos  mid  im- 

provemcnU  made  Bantu  mice  the  opening  of 

the  navigation.    By  Lieutenant  Dkniso.k,  Royal 

neera. 

On  the  mode  of  Bending  Timber  adopted  b) 
Prussia.  By  K.  J.  Rati  ion,  Lieutenant  Royal 
Engineers. 

:iion  of  the  Collcr-dam  used  In  the  Con- 
struction "f  llir    Piers  of   llM    Alel,uiilli.l     Aiple- 

(luct.  being  an  abstract  of  *  re|mrt   addreatfd 
by  Captain    Tkkkbull  to   Lieutenant-' 
Abkrt,  and  by  him  tuhuuticil  to  tlie  House  of 
Representatives  nf  the  i  sited  Bti 
Description   "f    I  he  onc-afCo    WoodW  Bridge,  of 


Mfi  feel  .pan.  xt  I'aradcnia,  with  an  aecount  of 
the  execution  of  the  work  aad  the  menu'  an 

Cd  in  throwing  it  across  the  river  Ita 
e».  In  the  island  of  Ce\|.,ii.      Uy  Captain 

<ll  l>««SH  V«.  Roj*l    I 

•  •'  a  Series  of  Bridges  erected 
the  n»er  Ottawa,  connecting  the  provn 
I  |i|>er  and  Lower  Canada,  and  especially  at  a 

arooan  irch  of  MS  feet  span  which 

the  m.iiii  branch  of  the  river.     B]   lieutenant 

Dastiaoit,  Royal  Engineer*. 

Detulutluu  "fa  Barometer  thai  reqedm  no  cor- 
rections either  for  Zero  or  for  Temperature. 
By  Sami/kl  B.  Howlktt,  Esq.,  Chief  Draughts, 
man.  Oidn.inee. 

Note*  t"  ajd  i"  ftMTttllwi  the  operation  of  ascer- 
taining the  Heights  of  Mountains  by  means  of 
Boding  Water;  furnished  by  Major  Oaj).  Royal 
Engineer*. 

On  tin  Decomposition  of  Metallic  Iron  iu  Salt 
Water,  and  of  its  Reconstruction  in  a  Mineral 
form.     By  Lieut. -Col.  Ram,  Royal  Engineers. 

Report  on  the  Etteit  of  Climate  on  Wkslurc 
Paving,  communicated  by  Colonel  I'ambhawk, 
Royal   Engineer*. 

Report  of  Paving  St.il.li-.  nt  Brighton. 

Experiments  tried  at  Quebec  a*  to  the  properties 
and  adhesi  ■.  ■  uiente,  by  01 

Colonel  Nicoixe,  Commanding  Royal  Bnf 

dated  1 7th  NoMiolier.  I8J4. 
Proof  of  an   Earthen  Ware   Pi|>e  for   lieutenant 

Denison.  By  Mr.  Bkassab. 
Description  of  a  Drawbridge  on  the  I  /mdnu  ami 

IMlllrilMlmn  Ifltlmj.  ^t  Weedon.      By  Captain 

Jl.llli.    Hn.il    Em-mecr.. 

Table  of  Uie  Drscriptioo  aud  Weight  of  the 
Package*  of  various  Article*  of  Traffic.  By 
Major  II.  D.  Jonis,  Royal  Engineer*. 

ArrKNOix.-    \ote> 

I  to  page*  36  and  39. 


II. 
uiifomi  with  the  preceding,  Price  XI. 


12. 
Vol.  I.  reprinting.  Price  Km. 


13. 

153  Plate*,  engraved  in  the  beat  style  of  Art,  half-bound,  very  noat,  Price  £\.  t». 

PUBLIC  WORKS  OF  GREAT  BRITAIN  ; 

i.  at 

';t.  Rail*.  Chun,  Ulm-l.1,  Cuttkop,  EinbankiMnti,1\uinrN.  ,  ViaiincU. 

tioiuntive    Rnglnca,  ftc.j    Cast-iron  Bridges,  Iron  and  Gi  .    Casals, 

rork  foi  Caul  .  raiul  Boats;  thr  London  m 

Plant  and  Dimonaiont,  ! '"•'-  v. <■  ■>.»>.  ami  tb  oorUsar-cbajM, 

Harbour  and  Port  of  London,  and  other  nrerinii  Work*,  wil  iooi  I 

rationi :  (ha  whole  rendered  of  the  utmost  utility  to  the  Cisil  Engineer  and  I 

aa  Monuments  of  the  useful  Arts  in  tlui  Country,  and  as  Examples  to  the  Foreign  El 

p   „,    r,   *     SIMMS.  C.E. 

Thii  Work  is  on  au  Imperial  folio  site,  the  Drawing!  and  Engra>in|r»  hare  Keen  executed  I 
Artists,  and  no  expense  has  bees  spared  in  rendering  n   Inalily  essential  U        ■     i 

•it  |  also,  as  an  ornamental  Volume  ni  rVlCtleal   Representations  of  important    EngirM 
in  several  Part*  of  At  Kingdom.     Tin-  Wort  U  bound  in  half-morocco,    There  am 

■..••  thai  maj  ba  preferred  In  Colour*,  if  the  iUlattortb  I 

Birmingham  Una,  1«  Pliites,  geologically  Glasgow  and  GairnUrt   Railway  Cutting* 

Hoai,  geological!)  \c. ;   making  21)  Plate*,  to   be   carefully   coloured,  and   for 

additional  CI.  1>.  is  charged. 

Thr  following  in  a  lul  of  tkt  .tut  Hon  icAose  wortt  art  comfiruej  In  In*  wlumt. 


Hartley 

II  r  unci 

Husking 

Book 

Jc.vsop 

ti.  anil  H.  Sti ■plirnxm 

Land 

Pnhner 

Thomas 

Rcnnie 

Tierney 

. 

V,.U,-r 

14. 
22  Plain,  large  folio,  bound.  Price  £1.  Is. 

THE  HARBOUR  AMD  PORT  OF  LONDON, 

aCIKXTiriCAlXY,    COMMERCIALLY.      .11     Ml  -niSlCll.lt    DRHCttlxlli  , 

ning  Accounts  vf  the  Hiitory,  Priiilege*.  Function",  ami  Ummml  thereof; 
Dmnont,  anil  Jnriulirtion*,  Municipal  and  Commercial:  oil  ita  Dooka,  Pirn,  Qwaya, 
Moorings,  and  other  Engineering  Work*.    Inlnl   and  other  ObacrvatlonBi  and   every  i: 
infur  m.i!  i'.ii  n:li,!i\c  thereto.  accompanied  d;   thuilv  ul  tlir  Port  nnd  its    l'e|»niileiicse»,  i 

Sotuuttnga,  rarrtjad  bj  Ofdai  of  the  Port  of  l^uiduu  Improvement  t i:.  r     Plana  of  1 

Piers,  Snivel    Bridge*.,   Method*  of  Mooring;  Vessels,  ten  as  directed  by  the  Co 
he.,  fa 

B]  ja\ii:s  i:i..\u:s,  Architect  and  CW1  Eagiiv  >•  of  the  Port  of  London, 


15. 

In  Svo  .  mth  Engrasuigs  and  Wood-cuts,  clnth  bdi.  extra,  Prio 

OUTLINE  OF  THE  METHOD  OF  CONDUCTING 
TRIGONOMETRICAL  SURVEY, 

For  tin-  I  -urination  of  Topographical  Plans:  and  Instructions  for  Pllling-ln  tbe  Interior  Detail, 

Measuieiin  hi  and  Hket<  >.iii*ancr,  J-cveiliti:- 

With  tlie  Explanation  anil  Sulutimi  nf  nunc  'if  the  moil  useful  Problems  in  Geodesy  and  ! 
AstiniiDiuj  ;  to  which  ore  added,  o  few  Formiilir  and  Tables  of  general  utihty  for  I 

their  c*lculu!...ii. 

By  Lieutenant  FRQME,  Roi-.i    bHUVWUtl.  P.R-A.S.. 


ARCIIITECTI-RAL    LIBRARY,    51),    lll()ll    IIULBORN. 

16. 

RAILWAYS. 

I  Impend  folio,  83  Engraving*,  with  explanatory  7.  ,  tag  <;„■  fffttlHtrfn  Ckf  <lte  \Vorl»  u 

exBcuii  i! 

Euitbu  by  F.  W.  SIMMS,  C.E. 

Price  £2.  12*.  6d.  in  bAtf-morocco. — Subject!  i 

Tjik  London  AMP  Hirxiim.x  im  Railway — Thk  Grxat  Wcsybrx  Railway — Tin  South- 
amiton  Railway — Tine  (•kcknwich  Railway — Thk  Croydox  Railway — The  Biix»iis..pi  \m 
lkd  Bristol  ThaMM  Junction  Railway — Glasgow  and  Gairxkixk  KaILWAT.     In  U  PlfttSS, 

(ill  Sections,  Dcttuit,  &c. 
rrantiaptrre— London  rniranre  to  On  Prtmroae  RUI 
Tunnel. 
Title  Page,  atgoefle— Railway  Station  X  Watford. 
I.  Chimncya  at  Camden  Taira  fitcd  Engine  Station, 
i.   Entrance    to   Railway  Xtauon  at   Kuilon  Cirnve—  Vlg. 
MM   M  I. 

5.  Button  Crote  Station,  ground-plan. 

6.  Camden  Town  flacd  Engine  Station,  ground-plan. 

7.  Imn  Hoof—  Ijidnn  t*rore  Mutton. 

t  •nbop*.  Place  «oil  Pn/k  Street  Bridge*. 
I M  mi  uic  Regent'.  CanaL 

10.  Data-la  of  ditto. 

11.  London    and    llimiinp-hain    Hallway— Harrow  in   the 
llt.tanr*.       V    -nettl     p  .    .    I. 

11,  Loudon  and  Birtuingbaiji  Hallway — Watford  Tunnel. 

Vignette,  pare  1». 
II.    Koad  Kridgr.  orcr  llnilway. 
ll.  Coin*  Viaduct. 

16.  Bridge  o»er  F*.icataiii>n  tmith  of  Watford  Tunuel. 
Id.  BoaMwr  otdiipir  Bridge, 

1,-.   North   Choirn    and    Primroa*    Hill    TuimeU  —  Croat 
•ortlona. 


LONDON    AND    B1HMIN0HAM     HAILWAY. 


IS,  It.  Rnrraace*  io  ditto—  Vignette*,  page*  91  ami  M 

10  to  10.  Working   Section,    ltliaworth    Eacatatiou*   and 

Embankment. 
10,11.  lindraaattuig  ot  Rock  in  tlllaworth  Cutting*— Ko. 

larged  Seal.. 
11,  »1.  Flan  and  Ek-ration  of  Retaining  Walla.  Couutcr- 

i  inert*.  I'raina.  A'    ir.  Mir  Bliaworth  Cutting*. 
M,  15.  Ceueral   Plan  and  SvcOOB  of  the   t'ndrnwtttng  of 
In  On  lliuwonii  ratting* 
>"'■---'.  KletMioo,  aud  Section  of  the  Weal  End  of 
the  B  -niga. 

»  to  «-.   Han,  Kireationa,  and  Detail.  o»  thr  KlMit  Tun 

nel.  V. 
«U.     Method   of  filing    the   Vutj-pound    Raili   in   the 
Cham. 

49.    Method   of   filing  the   nUtT-flvc-pound   Rati,   in  thr 

<:halra. 
M>.   Mr    llurk-.  Ila,la-»y  Chalra. 

11  Plan  of  Siding  or  Patting  Place. 

51.  Plana  and  Section,  of  a  Twche-feel  Turn  Kail. 
M.  Plan  aud  EUrralion  of  Fir.1  Claaa  Camagne. 


(JRKAT    WIITMS    RAILWAY. 


M.  Plan  and  Elrtation  of  the  Brent  Viaduct. 

11.  Section*  of  Uie  Brent  Viaduct. 

Ml.  Tranatrrao  SocUona  of  the  lir    ill  Viaduct. 


i.n and  Elrtation  of  Maidenhead  Bridge. 
So.  Occupation  Bndgc  orer  thr.  Hallway. 


SOUTHAMPTON     RAILWAY. 


rjo.  Hrldgo  under  Railway. 

61.   Plan  of  ditto. 

da.  Occupation  Bridge  in  Embankment. 


US.  Oblique  Arch  over  Ncckinger  Koad. 

(HI.    SneUona  of  ditto. 

(I;.   Ohli.pir.  Arrb  <ntt  Spa  Road. 


(15.  Occupation  Bridge. 

'■I      Bra* i.    .■-.•■     I'otail.     of    Earth-work     aud     Tonga 

Waggon.. 


GRICXNWICII     RAILWAY. 


6«.  (0.  Bcction.  of  ditto, 

7».  Viaduct  of  the  Oreenwich  Railway. 


CROYDON*    RAILWAY. 
71.  Now  Croaa  Bridge  orcr  Railway.  **«.  Method  of  (lung  the  Pelinancnl  Way. 

KIIIMINUHAM    AND    BRISTOL    THAMR*    JUNCTION    RAILWAY. 

7*.  Caal-iron  Areb  Hu»|>eii«ion  Bridge  orcr  the  Paddinglou         7t.  Railway  Gallery  under  the  Canal,  Re. 
1'aiial  and  (he  Railway. 

fiLASUOW    AND    UAIHNKIKK    RAILWAY. 
Tti  Tranaverae  Section  al  Robroyilou  Moae. 

MISCBLLANBOL'S. 


—  ar,--.n   nf  the  Trauteerae   Sectton  at    nuoieroua 
Railway  Baca. 
77.  Comet  Locomotrra  Cnoinr. 

v..     ■  I 

n>    RaUway  Waggvna 


*n     Tlat  Hail  arilh  "lange. 

•I.  Rail hy  Leak.  Wilton,  and  Bell. 

to    Hetton  Rail. 

a.  Sldinra  or  Paating  I 


WOHK8    ITHMltllltll    HY    JOHN    WK.M.E, 


17. 
Cf>r  ficto  CQarh  an  SnUgc  Muttting. 


1,  fOYnl  ocUto,  Is  Jtut  com  rr»  »f  Text  at  i 

ifl  (ml  diiurniion  for  practical  iikt,  rntithnl. 

THEORY,  PRACTICE,  AND  ARCHITECT1  RE  OP   RRIDGES. 

The  THEORY   ht    J.WIKS  MANS,  or  Kino's  Co»4.«o«. 

mi    V  •„,... •!.•  anon  Tyin     Mem    iif  the  MatheatBttcal  lae* 
ondon,  and  Joint  Author  of  "  Mechanics  for  Practical  M 

AMB 

Tbs  PRACTICE    I  NCIMIKRIV;  »N»  .UU.H1TECTVRAL  TREATISE 
by  WILLIAM   ROSKIrlG 

A  reinfect  mil  Civil  Engineer.  Author  of  "  Tr«li«»  011  Architecture  and  Bathing  j" 

PROFESSOR  M08BLBY,  1  i    l\  Ill  i.n;;s,  »xo  ROBERT  sTEVMIO*, 

The  1  111  I  v"l'..  to  contain  "W  pages  of  Text,  ami  illnitratr-d  by  II*  l» 

arartogj  ■iaamjria  of  StOM.1 r.  Iron,     Ire,  and  Suapeotion  Kridg*t,  from  lrmilni,i  ftrssai 

lad  md  1  >4«c*. 

11  preparing,  anil  it  to  be  published  in  6  Parts,  at  tatervalv  in  the  connc-  of  the  ;*« 

f%"  Till*  Work,  aheu  completed,  will  Ih-  found  W  be  of  a  mott  xnliiahlr.  i-harmler,  tbc  highest 
ting  baro  engaged  f<u  1  ><    Bagnftaga,  md    bo  price  Bank  COM   ii'irnt  to  tlie  Stud. 
dUfcl  npintftht  Ptatm  mf  *»  AW. 


18. 


"il-cuti,  extra  cloth  bds.,  Price  8*. 

AN   ESSAY  ON  THE  BOILERS  OF  STEAM    ENC.INR8. 

Their  Calcubition,  Construction,  lad   Management,  with  a  mcw  to  the  having   or   max. 

.  „tioni  on   Railway  and  oilier  Locomotive  Engines,  Strain   Saturation,  Smoke  Usmiag, 
Ac.  Ac.     A  New  Edition,  considerably  enlarged  ana  improved. 

By   It.  4JDUTBOKO,  Civil  Engineer. 


Vol 


19. 

I'rlc*  Mb*  extra  cloth  tab.,  containing  a  Portrait  of  the  late  President,  Thos.  TrlrVwd, 
and  1"  find)  engraved  Plates. 

TRANSACTIONS   OP  THE   INSTITUTION  OF   CIVIL 
ENGINEERS. 

•••   Kxrept  I  :•  ivtp.rt,  which  only  remain  of  tilts  Volume,  all  of  them  being  deficient  of  | 
TehT.  I  rr.i.  .ml  scarce.     It  «rlH  bowew*  lie  reprinted  aoaaa  time  la  the 


Liar  or  aiajgcT*. 

Account  of  the  OrMgr  orer  the  Severn,  near  the  A   Smti  of   Experimenta  oa  differ. •■ 

Tawii  of  T*w«eabniv  In  tl,.-  <   .„ni»  of  Olaa.  Mricaa   TinsWr. 

rrwtcr,    ib-sigurd   ►.,    Tm>u>i   Taieoati,   and  d  Enpneerx  KB.!*-,  A.lnest 

rrrctrJ    under    bit    swpcriatriiihrnre.      By    W.  On  the  Application  of  St-                         vlng 

I    VI  laat.C.1.  con.iuVrrd    especially    with    refarratoa 


20. 

■  Ms.,  cxti.  dot  uinlng  23  finely  engraved  PUlea. 

TRANSACTIONS   OF  THE    INSTITUTION   OF    CIVIL 
ENGINEF.RS. 


AKI'IIITI .1    I  I    I ■:'.!.     I.MIKAUY,    ")'.»,    IIH.II     HOI. I. 


y   of  Atmospheric   ami    High   Presaaro 

By     (.unui.K      lllJLWORTKT     PaI.VKR, 

CIS. 

in  of  Mr.  Henry  Guy'i  mrihntl  of  giving 
(phot  M  Mrul,  tilass, 

nr  liunl  SabtUDMt.     Coinmuiiicutcil    In 

Donkis,  V.P,Imt.C.E. 
paniivc  action  of  Steam  in  umc  of  the 
ig  Engines  on  ilic  Corm-h  Mhtm     By 
iM  Jory    IIrnwim  rilary 

I.....  Wirly  nf  Cornwall, 

Assay-Master  of  Tin  in  the  Dud 

ill. 

fecilve  power  of  the  High  I*re»iure  ex- 

(•iitiiIi-iimiik  l.iiv-in-  •  iti  n»c  it  some  of 
•nnli  Miih>.  Bj  TBOM  \i  V, 
,CE.  A  letter  to  the  President. 
in  of  the  Drops  used  by  the  Stanhope 
in-  K.nlni.iil  I'liiiipauv,  (in  Ilic  Shipiucnt 
l>  si  South  Shirlilx.  By  Tmumar  E. 
MH,  M.InRt.CB. 

rineiple  and  Construction  of  Railways  of 
ma  bearing!.  By  John  Id. i -.olds. 
i  '.!■:. 

Bridge  <iti-r  tin-  Hirer  Colder,  at  MlrtsUi, 
lire,  dewgued  and  erected    liy    William 
A.Inst. I    I 
hi   K.vpcrimcnts  on  the  Strength  of  Cost 

By  IkAmn  Bra  ham,  M.lmu    I 


of  Locomotive  Engines.     By 

Kiiwarii  Woods. 
Account  and  Description  of  Youglial  Bridge,  de- 

signed  hy   Aleiimlii    Nimmo.     By  Jons  E. 

Jox>  -.  v .  In-!  1  .1: 
Ob  lb   Btmpoi  !  ■ Battel, 

By  Josiab  Parks.  M  Init.C.E. 

1  of  a  Machine  for  cleaning  and  deqxmng 
•ni.Il  Rivers,  in  use  on  the  Utile  Stour  liner, 
Kent  11.  w.  b.  Bath  1.M.1.I1,"  - 
Description  of  the  Perpendicular  Lifts  far  pawing 
Boats  from  one  Lerel  of  Canal  to  another,  as 
erected  on  the  Grand  Western  Canal  By 
Jamkh  liiiu,  M-Ill 

On  Um  mi  thadi  of  iiiiiniiiiiiiiii;  UfBlhoBooa, with 

a  description  of  a  Reciprocating  Light.     By  J. 

T.   Sairrn,  Captain  Madras  Engineers.  P.U.S., 

AJnst-C.i:. 
..  1 1»  inn,  ni.  mi  tlie  Flow  of  Water  through  small 

l.|»'v      By  W.  A.  Pr.iv.-,  M 
I'll"  runents  on  the  Power  of  Men.     By  Joshua 

ts,  V.P.lnst.C.E.,  P.R.S. 
Particular*    M  Bfl    nl  iln-    Hoating 

lliiilge  lately  cwt»lili»ln"il  icnej  t  d«-   llsinooM, 

lietwccn  Torpoiui   In  of  Cornwall. 

and    Deimrport  in  Devonshire.     By  Jamks  M. 

Kjikdkl.  M.I111II.K..  tcB.  *«. 
Appkndix. — CHBcers.  Members,  4e. 


SI. 

Vol.  J.  Part  L,  extra  doth  boards,  Price  It, 

TRANSACTIONS    OF    THK    INSTITUTION    OF    CIVIL 
ENGINEERS. 

OCWUMTt. 

On  Steam  Boilers,  by  Josiab  Pares*,  M.lnil.C.B. 


TRANSACTIONS 


■21. 
Vol  3,  p«r»  II. 

OF   THE    INSTITUTION 
ENGINEERS. 

CONTKNT*. 


OF      CIVIL 


m  Boilers  and  Steam  Engines,  Part.  II. 
MAJf  Parks*,  M.IihI.CK. 
Comparison  between  the  Power  of  Loco, 
r  Engines  and   the   Effect   produced   by 
'ower  at   diir. niii   Wliicillea.     By   Pro- 

Barlow.  Him.  MIiki  l.i:. 

'ropcrtie»,  Uses,  and  Application  of  Turf. 

„l.i  ,  ami  llciln  ruel.     By  C.  Wtk  Wil- 
•,  A.I1..1  <  .1). 

km  of  a  Sawing  sstelMlM  fa  CBttfaaf  off 
ay  Bars.  By  Jotiim  Giv>n,  M  Init.C.E, 
c. 

of  the  Suspension  Bridge  at  Mon- 
oftrr  iln-  harrk  m  of  tb<  1  11)1 . .i"  October, 

with   Remarks  on   the    Construi-linn  of 


that  and  other  Suspension  Bridget,  in  reference 
I,,  tin-  Wttoa  Of  Mi'lent  gales.     By  C.  W.  Pa»- 

CotOBtl  k.k..  Boa.  U.IDH.C.B.  I 

On  the  Expansion  of  Iron  and  Stone  in  Sli 

u  shown  by  observation  on  the  Southwork  and 
Staines  Bridges.  By  Gkorok  Kin  mi.,  H.R.S., 
Ac  Ac. 

The  Gravesend  Pier.     By  W.  Tikrkrt  Ci  >», 
M.lnst.C.E.     6  I 

(in   \v ill  niii.. aj   RCH    1  lie   Metropolis,  with  on 
account  of  the  Well  sunk  lis  Um  Mm  Hits' 

111    llir   lb 

I.     By  R.  W.  Ifruu.     I  Plate. 
On    Locomotive   Engines.    By  Edward    Bcrt, 
NLIsWtCB.     4  Plates. 


10 


KS    PUBLISHED    BY    JOHN    WEALS, 


23. 

In  Bvo.,  Pric*  8*. 

A    PRACTICAL    TREATISE    ON    THE    CONSTRUCTION    A 
FORMATION   OF  RAILWAYS, 

Slio-in*  ihr  Practical  Application  and  Expense  of  Excavating.  Haulage.  Embanking,  and  , 
Waylaying  method  of  fixing  Road*  man  bcr  Bearing*;  including  a*  i 

l*  Load  and  Hatful  Klttct  produced  by  Meclianioal  04  :i»«r~ 

upon  a  Level  and  upon  any  Inclination.     IHuumi'd  with  Diagram!  and  Original  Uacful  Tabic*. 

By  JAMES  P  ' 


THE 


24. 

I.'iihi.,  Price  it.  in  board*. 

RAILWAY    CALCULATOR,    OR    ENGINEERS 

CONTRACTOR'S  ASSISTANT. 

By  JAMES  DAY. 


AND 


S6. 

A  Shaft,   Price  2*. 

TABLE  SHOWING  THE  CONTENTS  OF   EXCAVATIONS, 

Intended  to  facilitate  the  E«timaUng  of  Public  Worki. 

By  geokc;e  p.  bidder,  c.k. 


2C. 
In  Ito.,  with  12  large  folding  Plates,  cilra  clolb  board*,  Price  14r. 

PRACTICAL    AND    THEORETICAL    ESSAY    ON    OBL 

BRIDGES. 

By  GEORGE  WATSON  BUCK,  IH.TwH?  B. 


27. 
In  Imperial  8to.     Second  Edition  with  Addition!.     11  Plate*,  extra  cloth  hoartla.  Price  8a 

A     PRACTICAL    TREATISE     ON    THE    CONSTRUCTION 

OBLIQUE    ARCHES. 

11}  JAMES  HART,  Matoo. 


28. 
In  demy  8vo.,  with   107  Wood-cuts,  r\tra  cloth  board*,  Prfea   7#. 

EXPERIMENTAL    ESSAYS    ON    THE    PRINCIPLES    OF 
STRUCTION    IN   ARCHES,    PIERS,   BUTTRESSES,    &c. 

Mode  villi  a  vicn  to  than  being  moful  10  the  Practical  Builder. 
By  W.  BLAND,  Esq.,  of  Hartlip,  Ktnt. 


39. 

In  royal  8»o.,  in  board*,  with  nine  Charts  and  one  Meteorological  Table,  Price  £l 

AN    ATTEMPT  TO    DEVELOP  THE    LAW   OF   STORJ 

By  means  of  Fact*  arr»nci-d  according  to  Place  and  Time :  and  hence  to  point  out  a  Cause  for 
VARIABLE  WINDS,  with  the  \iow  to  i-iuc-ii  Q  XAVtOATl 

By  MtnMrWttrl  W.  REID,  C.B.,  of  the  Royal  Eogjriten. 
Simir  copies  with  the  Chart*  in  a  tcpaiate  All**  form.  Price  CI.  it. 


AKC'IUTKCTITRAI.    LIBRARY,   5!l,    II  Kill    IIOI.DUKX, 
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30. 

In  demy  8vo.,  e»tra  cloth  hoard*.     A  Nc»  Work,  Price  12». 

TIIK    THEORY    OF    THE    STEAM     ENGINE; 

howing  tlie  Inaccuracy  of  Um  tftttoJl  in  use  for  calculating  the  Effect*  or  the  Proportion  of 
Mi  :.iu  I : ii^s cii-s,  Hu.l  nqmbiu  »  Series  of  Practical  Formula;  to  determine  tlie  Velocity  of  any  Engine 
witli  a  given  Load,  the  Load  for  a  stated  Velocity,  the  Bmondn  fee  imbti  Kir«-t».  the  Horse- 
power, the  useful  ElTcct  for  a  given  Consumption  Of  V.  UOI  '>r  rati,  the  Load,  Expansion,  ami  CoUBttn 
right  fit  for  the  Produrtuui  ci  tbi  MaMmum  uwful  Effect,  Ate,  with 

AN   APPENDIX. 
utaiuiug  concite  Holes  for  persons  not  familiar  with  Algebraic  Signs,  and  intended  to  render  the  use 
of  the  Formula:  contained  in  the  work  perfect!}  clear  and  easy. 

By  COM TE  HE  PAMBOl  II, 
riy  a  Student  in  tin-  kVcei*  folytaftakne,  late  of  tlie  Royal  Artillery,  on  the  Staff  in  the  French 
Bcnfee,  of  the  Royal  Order  of  the  Legion  d'llonncur.  \c 


31. 

In  8vo.,  cloth,  Price  it.  (ut. 

A  NEW  SYSTEM  OF  SCALES  OF  EQUAL  PARTS, 

Applicable  In  various  pur|HMrs  of  Engineering.   Ari-hiicrlural  anil  Ccnnral  Sinner.      Illustrated  by  a 

Facsimile  of  the  Scales  on  Copper-plate. 

By  CHARLES  HOLTZAPFFEL,  Ajaodatc  of  the  Institution  of  Civil  Engineers. 


32. 

In  demy  isVo.,  extra  cloth  boards,  with  16  Plato,  Price  12*. 

A  SKETCH    OF  THE   CIVIL   ENGINEERING   OF  NORTH 

AMERICA. 

uprising  Remarks  on  the  Harbours,   Kivrr  ami   Lake   \;imj  itinn,    l.ii;liilmiiM-.,   Strum    NieiBBtlOl 
Walcr-workx,  Canals,  Roads,  Railways,  Bridges,  and  other  work*  in  that  country. 

By  DAVID  STEVENSON,  of  Edinburgh,  Civil  Engineer. 


89. 

COLONEL   PASLEYS    COMPREHENSIVE  WORK    ON    GEOMETRY. 

Second  Edition,  demy  8vo„  much  enlarged.  Price  16s.  cloth  boards,  (instead  of  XI.  t*.), 

A    COMPLETE    COURSE    OF    PRACTICAL    GEOMETRY    AND 

PLAN    DRAWING; 

Treated  on  a  principle  of  peculiar  Perspicuity.     Adapted  either  for  Classes,  or  for  Self- Instruction. 
Originally  published  as  the  first  volume  of  a  Course  of  Military  lmttm  !•.... i. 

By  C.  W.  PASI.EY,  C.B.,  Colonel  Royal  Engineer.,  K.RS.,  Jcc.  Ac. 


34. 
In  demy  8*0,,  extra  cloth  hoards,  HOMOU  Wood-cut*.  Price  Ha. 

OBSERVATIONS  ON  LIMES,  CALCAREOUS   CEMENTS, 
MORTARS,  STUCCOS,  AND  CONCRETE, 

AND    ON    rilXZOLANAS.    NATURAL    AND    ARTIFICIAL;    TOOBTHKR    WITH     BCLM    QBDOCBD 
fltOM    Nl'alBBOUS    BXFKKIMKNT8    FOB    MAKIN'O    AN     Alltl  PICIAL    WATBIt    CKMBNT, 

Equal  in  Efficiency  to  the  best  Natural  Cenu  improperly  Mmwd  Unman  CViiunts ;  and 

an  Abstract  of  the  Opinions  of  furmcr  Authors  on  the  same  Subjects. 

!.;.  (     YV.    PAS1  IV.  C.B..  Colonel  in  the  Corps  of  Royaj  Engineer*.  P.RJ.,Af.Ac  ,\.-. 
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WORK*    Pl'ttLlSHF.n    BY    JOHV    «  F.ALE, 


35. 

Second  Edition,  With  Additional  Corrections,  is  Sxo..  with  a  fine  Frontispiece  of  *   Ixx-oiBOtirt  fattst. 

Price**. 

ANALYSIS  OF  RAILWAYS; 

lie  of  Report*  of  R  >n.»»»«  projected  in  England  lad  Weirs  i  to  which  ore  added,  a  ' . . 
<  i  from  the  proposed  London  Torn  t  well-known  Placet  in  the   Metropolis, 

toplQU  Glossary,  and  several  I'seful  Tulili  ». 

RANCI8  wilisil.vw.  C.K.,  M.ln»t.C,B. 


36. 
Just  pnbbihed.  in  810..  bound,  Price  St.  6d. 

THE  PRACTICE  OF  MAKING  AND  REPAIRING   ROADS; 

Or    CDN-TKIITIXU    rOOTI'ATHS,    nMClMO,    AND    DRAIN'S  ; 

Alio  ■  Method  of  comparing  Roads  with  reference  to  the  Power  of  Draught  required  . 

I  III:  i-i  ..it  11. ir  .   hjtcndl'il  I"  :- :  1 . . ; .  1 1 1 ;.    tin     mode   ul    K-'iiii  .11  oil-    i  .  ir .  !.-.-.    irk   in  1  ill!   Ill- ~   Hid    I.: 

By  THOMAS  itTGI.  Cisil  Engineer. 


37. 

win,  foUbf  rinii.,  in  11. 1 .  Mm  3». 

8ECTIO-PLANO Q  It  A  P  II  Y j 

A    DBBCUIPTION    OF    MR.    MACNKILl'S    METHOD    Of    LATINO    DOWN    RAILWAY     8KC 
AND    PLANS    IN    JI'XTAPOftlTION. 

A>  tuloptid  lij  tin'  Standing  Ordi-r  C.iiiiiiiittrr  nf  tin-  llnu-c  of  ("ointni.>n».,l»37. 

By  FRED.  W.  SIMMS,  Crrii  Engineer. 


38. 
In  8vo.,  with  >CTeral  Plates,  Price  16>. 

A  TREATISK  ON  THE  STRENGTH   OF  TIMBER,  CAST  IRON 
MALLEABLE   IRON,  AND  OTHER   MATERIALS, 

With  Rules  for  Application  in  Architect  in-.  Conttrudiou  o(  Suspension   Bridge*,   lUdnays,  *Yc.i 
an  Ap|HiidU  mi  tin-  Powen  0(  Locoowtrrs)  Engine*  on  HorrtoaUl  Plane*  and  Gradients. 

By  PETER  BARLOW.  F.R.S..  e.. 


39. 

Third  Kdii.on,  will,  H  additional  Plate,  Edited  l.y  IVr.;K   BaRLOV,  Esq.,  P.RS..   \l.|.l 

half-morocco,  Price  £2.  2«. 

ELEMENTARY  PRINCIPLES  OF  CARPENTRY,  AM)  ON 

CONSTRUCTION. 

A  Treatiae  on  the  Pressure  and  Equilibrium  of  Benin*  and   I  at   Uc»i»t»nce  of 

CaajsRaStloa  nl  noon,  Roofs.  Centre*  Bridges,  cVo. ;  with  Practical  Rales  and  F.iaau* 
1  sildvd,  an  Essay  011  the  Nature  ami  Properties  of  Timber:  including  the  Metho.i 

|Bd  the  Comes  and  PWTOntion  of  Decay;  willi    Descriptions  al  the  Kinds  "I  Wood    1 

alto  numerous  Tables  of  Scantlings  of  Timber  for  diuVrcnt  purpose*,  the  Specific  Gr»v 

fa,     Illustrated  by  SO  EngreTings. 

By  THOMAS  TRRDGOI.D.  Citil  Engineer. 


A  irrsii 

I    • 

red  the 


*7 


Tn  <]u*rto,  28  fine  Plate*.  Price  £1.  If. 

TREDGOLD'S  ELEMENTARY  PRINCIPLES  OP  CARPENTRY, 

AND  ON  CONSTRUCTION. 

SUPPLEMENT  TO  THE  SECOND  EDITION. 

Sold  separately  for  the  convenience  of  those  possessing  the  fonuci  Edition. 

Comprising   Ei  !    I mn  Ami  Timber  Roofs  of  Italian   Palaces,  Churches,  Theatres,  Ac;  of  a 

Juvenile  Prison,  Pantheon  Buttti  to  fa  ,  by  -Mr.  Btwtbx  Smirkki  Iron  ami  Timber  Bool,  to  of 
Christ's  Hospital  and  St,  Dunstan's  in  the  West,  by  Mr.  Joux  Shaw  s  Timber  Roofs  of  White  Conduit 
House  Tavern  and  others,  by  Mr.  Duncan  ;  Iron  and  Timber  Construction  of  Croydon  Railwiy  Station, 
i.;.  Mr  In-,  (liana;  Iron  and  Timber  Roof-,  of  the  Trent  Watcr-wor*,*,  Nuiiiiit-liaiM.  D id  '  Hoofs  Of 
the  Model  UiHitii,  lln-  Smithery,  and  Engine  Manufactory,  al  Biiltirlrv,  h\  Mr.  Jo-.  QtTMH  ;  *iih  Mr. 
M  \i  KKMia's  elalmratc  Drawings  of  the  Construction  of  King's  College  Chapel,  Cambridge.  The 
whole  described  by  the  different  Contributors,  and  edited  by  Prrza  Babi/jw,  Esq..  F.R.S.,  &c.  &c. 


41. 

Royal  8vo.,  Price  It.  6d. 

AN  ESSAY  ON  THE  MODERN  SYSTEM  OP  FORTIFICATION 

Vilnpioil  on  the  Rhine  and  Danube,  and  followed  in  all  the  works  constructed  since  the.  Peace  of  181&, 
in  li.riiuir,.  Illustrated  by  a  copious  Memoir  mi  the  I'nrtrcas  of  Coblrut/.,  ami  MflltmiUlhll  bj 
beautiful  I'iant  and  Sections  of  t!:.-  sunk-  <>i  ih.n  plui-r. 

By  Lieutenant-Colonel  J.  H.  lIl'MITtEV,  K.S.F., 
Formerly  of  the  Royal  Artillery  and  Royal  Staff  Corps,  and  late  Commanding  Engineer  to  the  Corps  of 
Cantabria,  Author  of  several  Military  Works,  &c     MBI  ir-mlmi   h)  '.i-r  many,  where  he  hail  oppor- 
tunities of  collecting  information  from  the  lieat  sources. 


42. 

In  8to.,  npwanls  of  300  pages,  Price  8». 

AN  ELEMENTARY  INVESTIGATION  OF  THE  THEORY  OP 

NUMBERS, 

With  its  Application  to  the  indeterminate  and  Diophantinc  Analysis,  the  Analytical  and  Geometrical 
Division  of  tin-  i  ii.ir.  .mil  amaj  niliri  riiii.iiu  Algebraical  and  Arithmetical  Problems. 

By  PET  I :  K  BABLOWj  Esq.,  F.R.S.,  M.Inst.C.E„and  of  several  other  I.carncil  Socictiai  and  ICtstenlWi 


49. 

With  Plates,  Bra.,  Price  6*. 
A  PRACTICAL  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE 

OF  THE  ART  OF  LEVELLING, 
With  Practical  BlocidatSoaa  and  RliMtritioiu,  and  Bolea  for  Hakiag  Soldi  npon  the  principle  of 

TtLroao;  togatllflr  with  Mr.  Macnkill's  Instrument  for  the  Estimating  ol 
A  work  most  essential  to  the  Student. 


44. 

Engraved  in  aquatints  and  coloured,  38  Plates.     Quarto.     Price  £1.  Am. 

ARCHITECTURAL  SKETCHES    POB  COTTAGES,   RURAL 
DWELLINGS,   AND   VILLAS; 

With  Plans,  suitable  to  persons  of  genteel  life  and  moderate  fortune,  proper  for  Picturesque  Bui 

!•■   I!.  LUGAR, 


r 


14 


WOHK»    I'l   llL-IhllKU     BY    JOHN    WEAMt, 


45. 

Urge  Atlu  folio,  17  wry  finely  engraved  Flair*.  M«  •£».  IU.  Go".— A  few  eopUe  qnly  of  procA 
SUSPENSION    BRIDGES. 

IKNTIflC   anil   in    lllSTOl  NI.SORIITIV  I 

-  I  K AIT.  in  North  \Valra:  with  a  hrirf  ' 
.     I  DOtUl  lh*  'liirctionof  Tiioma*  TaLroao,  P.K.S.,  I..  «nj  g., 
■ad  AusAMMt  PROVUi  Rao.*  Resident  Engineer. 


<6. 

In  tho..  wiUi   Plata*,  Price  1S». 

CEMENTS. 

1  PRACTICAL  md  scientific  TRK&TISI  on  Um  Choie*  ml  Pwpmlk  liHilrii tnj 

Manufacture  and  Application  of,  ('alcareoro  Mortar,  anil  I'rmrnli,  Artificial  ami  Natural,  l" 

Ion  »•■  Serin  of  Original  Rxpcrfani  [,  I.  I    Vicat,  Chief  tjigntrer  uf  Moaita,  i 

Translated  fern   ilir  Prtaci  ■itnu  anil  vaiualilr  Additiona,  and   rUplanala 

prehendinf,  Um  moat  important  knoan  PaCti  m  iiii-  BcUnce,  and  with  additional  ncra   I  M-rinieoia  ■•4 
Remarlx. 
By  Captain  J.  T.  SMITH,  MadrM  Kngineen. 
•17. 
in  Mam,  Mr  2*  M.  in  u, 

\:\  i.r.s  and  DATA  FOR  THE  steam  ENGINE, 

■OTM    aTATIONARY    AND    UMMOIU 

And  for  BAO.WA.Ta.  camaia,  awl  mma  «»*»»:  V^iojr  a  Synopaia  nf  a  Conne  nf  Eight  I 

mi  ut<  HtMiM   rHiniMirMY  ;  illii.i>  >   mo.1  r»cnil  iiiimIc.  of  '  .  ami  an  KaaaaMaa 

of  the   Error*  to  wliich   Patenter,  ami  other»   are    lialile.  A ..i>-,««inlrd   with  tat 

practical  ileparlrueata  uf  Engineering. 

I!     HENRY  ADOOCK.  Ctrll  Raglnccr. 


4vS. 
I  S  Parta,  large  oalftng  folio,  -111.  ■  trtur-pena  Draertatmn  la  tin.  to  each,  PriM  «l,  1».  ea.li  Part, 

Willi  ll.r    1 

Tin:  civil  ENGINEER  and  mauiinim 

PUCTIOAl  TKKATiaxa  or  rivit  knuisrrkimj.    nsaisr.t.1   ll  mo,   maciiinurv, 

MILL-WORK.    RNCJINK-WOHK.    IRON-r»l  NDINU,    &C.    &C. 
IU    C    J.    BLI  NT. 


vra. 


I.— Ilnurtna  ami  Wail'i  I'ortalile  Steam 
Kajrlnr,  rotaaVte,  wUa  all  the  detail*,  ia  ID 

Marine    Meant   Kngtaea   aad    Ma- 
ItaVjri  Steam  I  Ar.,  con>|*ttr. 

1  >.un  aeruonlai  aad  verti- 
cal miutrurtioa  i  Steam  Cw,  Milk,  liy  V 
in  and  Pirlo;  i 

Mnicea,  Act  Smita'a  forge,  and  tirrat  Forge 
HaaaaaT. 
His  mi,.  .  v  — Saa  Rntranrr  Ottaa,  Sulag  Itrldgea, 
f awl  tlrulge,  (paeiaeMlmw  af  the  Wud 

(iloomUT  and  Berkder  Caaal.  Wain. 


wheel,  ami   Iroa  Rnoft,  hy  the  Ltte   Tmomaj 

an ;  I'laaa,  Siduwi,  aad  Marti 
« ran)*.  Caflier. 

-llrtagea  aad    Vi».|u.  i..   „ 
ortgiul  SfoWcalfaai  of  the  lAMidon  ew.l  Hat. 
mlaghaen  Radway,  U«iiwXi»e  and  Ragle,  Km- 
of  do.    la   .letaU.  tk«  <«oda   Waggneja. 
Trade™,  it  nun*  rat  WurKa. 

ft.-.  Ac,  aj  Hoaaai  SraruaaaoM,  tea. 
raotlte  Rngiaee  cm  li*  N<  a  I  Carl 

Raflaaf,   li.    i.iiiai,! 

.1  Wnirea   Railway   Hodge, 
llai  Ac.  \t. 
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49. 

Hh  liorim    i'iat«  .vtiu  folio,  «iiii  Tad  la  *ta. 
LOCOMOTIVE    ENGINES   AND   CARRIAGES. 

popular  nuoiCB  vou. 

Km  .nit  iikh  Chsmimh  ds  Feu,  on  Detain!  ef  Dmcriptium  dm  Machine*  l.«eoinothc».  dc»  Four- 

>n»  d'approvitionncment  (Tenden),  Wagon*  ile  Trantport  et  BnTtlHii"" Voiturra,  l)ill| 

nil,  Su|>|)"rt»,   PUtea-Fonn.-i    nobUca,    AJ  McMnea    acccuoirca,  &c.  Ac,  en  wage  •"'   Itl 

jutet  en  t'r.r,  tie  France,  Auglcti-rrt-,  Allrmatriic,  llelgiipi*,  At.  \c. 

Par  MM.  AKMKM.Al  T>. 

50. 

Second  Edition,  in  8vo,  extra  cloth  hoard*.  10  Pitta*,  MtC  U.  <«t 

PERSPECTIVE   SIMPLIFIED; 

nUfadng  »  new  mri.iMiKAnr  cH.irrr.ii,  in  which  the  tubject  i»  treated  in  the  mo*t  plain  ami  ca») 
manner,  for  the  convenience  of  reader*  not  acquainted  with  Geometry. 

Bj  /..  UUJUXC8,  E».j. 
51. 

In  410..  Kith  Wond-rntt,  and  ■)  fim   Kngrauiigi  by  JnnN  l.c  Kkux.  Price  It.  6d. 

N  ACCOUNT  OF  THE  ROOF  OF  KING'S  COLLEGE  CHAPEL, 

CAMBRIDGE. 

By  F.  M.Vl :kr.NZIK,  Author  and  iiraugiitaiiuui  of  HDI  ..f  Hi.-  Unci  An-lnir,  i  ml  Work*. 


52. 

in  dan]  Km.,  3  BastwinMi  Priw  "<•  m. 

MECHANICS  FOR  PRACTICAL  MEN; 

.nudning  Explanation*  of  the   Principle"  of  Mechanic* ;  the  Steam  Engine,  with  iU  farioi. 

r  i lciiik  ;    Parallel    Motion,   e.c. ;    Tablet  of  the   Weight  of  Catt-lron   Pipe*.  Strength  and  Strew  of 

it.-i i:iK,  ttc. 

By  JAMES  BANK,  Etna/i  CoOtf*,  and   ISAAC  DODDS,  (  .):. 


53. 

P4u>.,  IViee  XI.  1«.      IteriMxl  and  corrected. 
THE    CARPENTER   AND   JOINER'S    ASSISTANT; 

iitaininft   Practical  Kule*  for  '"**'■■  all   kind*  tf  Joint,,  ami   vjriimt   method*  of  hingcjng  tbem 
[ether;  for  banging  of  Doors;  for  fitting  up  Window]  and  Shutters |  Ctav  the  oanitracttan  nf  Floor*, 
rtitioiu,  Soffit*,  Groin*,  All-in  .  fai  Ktaonrj 1  for  coiutructitig  Rooft  m  the  beet  manna  from 
uitlty  of  Tnnlier,  &e.      Alto  Extract*  from  M.   Dclidor,  M.  du  Ilanicl,  M.  ile  BnlToii,  BUS.,  on  the 
■eugth  of  Timtx-r.      DhMtnltd  with  79  Platet. 

By  PETEK  Ml  IIDI.SON,  Architect. 


54. 
■  ■ ,  •rttfa  nro  Urge  foUttnj  PUtM  of  Beetioni  of  Road*,  Price  Zt. 
MAKING  AND  REPAIRING    ROADS. 

:i.I-:S  fur  MAKING  and  REP\llilN<;    ROADS,  1*  laid  down  by  the  late  TSOWAI  TttfO*l 

ifl  Engineer.     Extracted,  with  ndditions,  from  a  Treat  itc  on  the  Principle*  and  Practice  of  Levelling. 
I'.i  i'.  \v.  mm\is.  Bumyoi  .."'I  CM  Engineer. 


I  I. 
4to..  with  Platct.     Price  15*. 

A  treatise  ON   RIVERS  AND  TORRENTS, 

Willi  Dm  METHOD  of  RBOVLATTtra  Bjr  Px«rt  Prim,  Vote 

of  numerous  Ar-i  :  r.i  whir-h  i»  added,  u  BS8  VY  oa  N  v\  K.  tlll.K  CA.N.U.S.  hv  i»u 

Trarudated  >.y  Major-General  JOHN  GARSTIN. 


56. 

Wood-cob.  8vo.     Price  ^.. 

SECOND   REPORT  ON  THE    LONDON    AND    BIRMINOH 

RAILWAY, 

Founded  on  an  Inspection  of,  ami  K  x  periiuenta  mule  on,  the  Liverpool  ami  Xlancheiter  R*J«iv 
By  PETER  BARLOW,  f.KS.,  Ac.  ftc. 


67. 

Wood-cob,  8to.     Price  it.  td. 

AN   ESSAY    ON  THE  CONSTEDCTION   OF  THE    FIVE   All 
TECTURAL   SECTIONS    OF   CAST-IRON    BEAMS. 

Employed  oa  Girders,  Bressummers,  and  other  Horizontal  Sopparb  for  Buildings,  &c 
By  WILLIAM  TURNBl'LI.. 


58. 

Third  Edition.      Fulin,  with  a  large  Alia*  of  Plato.      Price  £i.  4: 

NAVAL   ARCHITECTURE; 

>r.  the  HfDIMKNTS  mid  KM  IS  „f  SHIP  BflLDING :  exemplified  in  a  SERIES  ofDRU'GI 
id  PI  \ NS  ;  *ith  ObauitliuM  tending  to  the  further  Improvement  of  that  important  Art. 
permission,  to  Ilia  Ute  Majesty. 

By  MARMADLKE  STAl.KARTT.  Nasal  AltbU 


59. 

Three  vol*,  large  41o.,  numm-mia  linr  I'Ulet,     Price  £Z.  3«. 

HISTORY   OF  MARINE   ARCHITECTURE. 

I'.v  JAMES  CHARNOCK,  P.S.A. 
IlltiBtrative  of  tin-  Natal  Architecture  of  all  Nation!  from  the  earliest  period,  particularly 
♦.♦  Chornock  it  a  work  e»ential  to  all  who  atudy  the  construction  of  ihipa,  large  anil  aanall  ci 
whether  for  war,  packet,  or  mercantile  puriwMM. 


60. 
Supplementary  nml  Fifth  Volume  to  I  he  Anlii|uitic«  of  Athena,  hy  R.  C.  Cockerel).  Es., 

ANTIQUITIES  OF  ATHENS  AND  OTHER  PLACES  OF  GREEC 

81C1LT,  ic 

S"i>i>lein«nt»ry  to  thr  Aiiiii|inii.-i  in  Allicnv.  b)   JAMBS  is  \„  »nd  NICU01 

REVETT;  ilelineated  and  Luaitnted  b]  IL  C  Cockrhcm.,  R.A..P.S.A.,  VV.  Kisnard,  T.  1..  I 
aox,  Member  of  the  Institute  of  Paris,  W.  Jknkink,  and  W.  Railton.  Arebit. 

LtBpWial  folio,  iinil'.'iin  with  ilie  Original  Edition  of  Stuart  ami   Ri  rett,  and   :i ■■■■    Hdriianti  Work*. 
Very   fim-lj    primed,  and  with  numrrou*  beautiful  Plate*  of  Plana,  Bleialioni  '•  iew*.  Oraa- 

meuls.  Ao.     In  rstns  clolll  hoard*  and  ll  £0.  12». 


AKciiiTKc-n-u  xi.  i.iiuiAiiv,  5S»,  man   iioi.hokn. 


»7 


Gl. 

Very  neatly  hahMmmiil  In  morocco,  gilt  tops.  Prior  43.  3». 

ARCHITECTURE     OF     THE     METROPOLIS. 

pBOMATU  M  ".limns  iiiibxi,    cm.,  aicbitsit,  r. ».«..,  r.a.s. 
\   \i-m   anil  C"iili.iil.r:ilil_\    BoItrgCd   Edition,  with  rain    \  .l.l  M  n.iml  Siilij.  ■  :l«,  of 

tLLUSTRATIONS   OF  THE   PUBLIC  BUILDINGS  OF  LONDON", 

I  lrotam«l  Hi.i..  willi  Ifi5  Kngniviugt,  originally  edited  by  lb  Pi  our,    \:ehiieet, 

mill  .Ions  ISbitto.x,  F-S.A.i  Ac.,  and  now  uewh  Edited  anil  Enlarged 
By  W.  11.  LEEDS. 
Manifold  as  are  the  publication!  nMch  ft  primp)       iln-m  no  plant  and  deration!  are  to  b 


llir  variiiii*  »tnietnie,  of  the  ineltopnlii,  t J ■  i -.  tj 
tin-   null    work   which   ile.crihci  ! ! : i  1 1 1 .  mil  lul  Itlii- 

turn,  in  views  which,  even  when  perfectly  correct, 
show  no  more  thou  the  general  aipccl  and  locality 
of  each  building  from  a  certain  point,  and  conse- 
quently afford  no  information  tieyoud  mere  ex- 
ternal appearance — hue  cilithlts,  thein  arrhitic- 
lurat/i/  D]  iiraa  .if  plauv  ili-!Jliiin«,  and  ooca- 
rfoBaUy  Imili  M'l-tinnx  unci  interior  patapoctJvi 
views.  Thna  a  far  more  complete  and  correct 
knowledge  may  be  obtained  of  each  edifice,  in  ita 
entire  arrangement  in  all  its  porta  and  dimcmiiiiiii, 

limn  liy  pictotiul  rim Iicm. 

As  studio  fm    tin-  Architect.  the 
taincd  in  ihe*c  volumes  strongly  rwiinmrnil  fliem. 
aclvr  ■ , — more  particularly  mi,  a«  uf  the  majority  of 


in  nni  othei    publication,   which   motoriaDj    in 
hance*  I  of  thin  ooUMtfon,  tad  It  pn-- 

scrves  to    u>  authentic    and  tolerably    ec 
records  of  many  buildings  which  no  longer  nbi 
Among  these  are   Casylton-    llotD.it.  lib: 
with  scsi-rxl  platei.  iiichidiuir  sri'timis,  and  a  plan 

of  the  private  apartment  :    the  late   Bnouib 

lli-iiHi  HOsTlssT  Mr.  Nam'1  i.miii'.i,  which 
ll«.  mncr  been  dismantled  nf  it-,  <inlielli«lniiciil  |  | 
and  Tun  Ivor  At,  Bl 

Among  the   trabji  iduosd   III   Ibii  New 

EtBttoB  will  be  found  (tie  following  :— The  In  v- 
vkixkrV   Club  lloosz — Loxoon  1.'vivr»»ity 

— St.    (iKORCk'h     Hospital — GaTKWAY,     Ciccii 

Put — bWi-  OfffCB — Fi»ii<h«<ii»b'  Hall — St. 
Dvnmta>'»,  Fleet  Street.  ox.  Ac. 


62. 

Royal  Bvo.,  18  Engravings,  cloth  boards,  10#.  «. 

ILLUSTRATIONS    OF   THE    PUBLIC  BUILDINGS  OF  LONDON, 

With  ihienptivc  Account*  of  each  Edifice. 

si TTi.i  mi:m'; 

Containing  the   Nrw  S.-mbctm  and  DttCJUHIOM    by    W,   II.    1  UN;   incor|K.r»ird  in  the   »econd 

edition,  and  now  told  separate  for  the  accommodation  of  stag  the  tir-i  eiliiinn. 

Alto  a  few  copies  in  imperial  Hvo.  for  large  paper  copies  of  the  llrst  edition,  Price  15». 


63. 

In  demy  8vo.,  cloth  boards..  Price  9». 

A  TREATISE  ON  THE    LAW    OF   DILAPIDATIONS  AND 

NUISANCES. 

11.  DAVID  8DB0MS,  IN.,.,  .if  the  Middle  Temple,  Speciol  Pleader. 

Dedicated  to  the  Honourable  Kir  John  Taylor  Coleridge.   Knt..  one  nf  llei   .\Uje.ts'.  Justices  of  the 

Court    of   »./neen\    lieneh 


64. 

One  Urge  sheet,  very  accurately  coloured,  size  williin  the  line  of  work  25,  inches  by  18,.     Price  in.. 

GEOLOGICAL    STRUCTURE    OF    ENGLAND.     IRELAND,     AND 

SCOTLAND. 

An  Index  OtttOfiot]  Map  nf  the  lluti>li  liles:  constructed  from  published  documents,  communications 

.  and  personal  Investigation. 

By  JOHN  PIIILMPS,  F.K  FOfXtM  of  tj«tslogJ  b  King1.  College,  Loudon. 

Engraved  by  J.  W.  Low-by. 

Mounted  in  •  case,  Price  It*  ;  on  black  roller.  16«. ;  mahogany  do.,  18*. 


IV  following  »rry  nliuMc  ami  inlemling  Work    ha*  bee*   ■  "'   Mir  f"t   .nrrnl  yi 

.be  publication  pore  *  <.  a»  ■  laiourahU  pure-bur  Imu  beta  M  i*v»  . 

•  no*  1C».  In  cum  <tMh  buai 

A  SERIES  OP  ANCIENT  BAPTISMAL  FONTS,  NORMAN,  RAF 

ENGLISH,  I.D    ENGLISH,    AND    PERPE? 

OLISH. 

Dun  by  F  ;;oiikkts. 

Large  flv©..  containing  IB  irrj  baaatliutljt  engraved  1*1'  Ui,  an«l  Um  Trtl 

nklM  bjr  an  aconn.plavhrd  anil  Ulrated  Gentleman,  wUoae  atuim  hUcftuie  and  a*  an  AaU, 

n  are  well  liiuma  mi-i  i.;  | 
A  frw  coptai  on  Urge  taaar,  Price  XI.  <U.  -,  tad  oaly  lit  rnakt  Imfia  proof*,  will.  Blchtaga,  at  «7.  Sa. 


- 


.;.; 


Urge  4lo.   The  I'Ulea  enrraied  in  the  oaeat  »l<W  .,/  Art.   Cloili  hoanit,  kttrrrd.  Price  it).  Ilk, 

E  MONUMENTAL    it  km. \  ins    OP    NOBLE    AND    KMIM 

PERSONS, 

tbe  SrpaJc bral  Anliouitica  of  Great  DntaK  engraved  froaa  Drawingi  l>j 
rTAID  IU.OUK.  Ar<S.,i 

lOmtmUam. 

tWHISMII) 

.'  Jm  dm,    at.  !■—■'■  ra-ra.  W. <a».. 

I*». 

Il.ar,  ilo  »Wik  «H  kk  «— «     r..ii»w4a», 
CiMaaal. 

10.  Klbry<«it-'Mw. 
a*.  TViim  ruiatn.  Karl  of  AthuM.    ,<-— *-i  «•*«,» 

—  Illl 

11.  u^pk    N,,uu,    Kail    <4    a'Hliaalaail.      JttawaVaa 

(A- 

n.  AnkiUM.  Mk  tart  «*  Pauata.    HHfJ>  ' 

«i.  nil—I  n~-k......    r..rt  «f  lA«r.*»      It.m   «.»- 

r».,»i,  irwvwe.-itap. 

.     ■  nr 

ta.  J«a«  Wiaatait.  Hut  W> t,    ITaaaarw  Jvawaar. 

H.I 

,knrt.  VUlrfOkwnllt.      »..Uk»'liMn._ 

. ,...     f?n«/f».  riNfii.-im, 
a*.  i»u.i*».    n>Un    aaj    rvkk»-       "miiiaaia 

S»   Mara-iriiUia.ua,  Caiam   atMilutar,.   n.w, 

I'ryU.-llll. 


I 


I.  RVm,  o«n  .J  l:,l.».U   Dm  rVil. 

iaw*.-iaaa. 
i.  Wirt  •<  •!•  ami. 

ruaaUa.  nana  of  BaaaW.    AMUfe  f '*■«*.- 

«a  Valeaee.  Karl  of  rank**..     ItWaauIrr 

II  Hiatal      Kwki  f*a*ra. 

Ovra  .<  Kawa  Ik*  Iteil.     Iivw«.~lr» 
It*), 
efttouaar. 

i  :>«i>.  k«i  u  » •«- -i.  n-.-ii-y 

Mat*  ./  U'aua.    '  ~t~<*,y  lakat- 

_  Wlkoawa. 

•  IW  THIr-l      fl'Mf aaaNtr  .Ut~.-t  rf?. 
II     Ml, 

«r  Pari  aw.     /■•.»» 


M     'i. iru:i   ii 

1MI. 

r**a*r  TaUntm! 
laflaaaaav 


!•.. 


aw  AnUm«7 


■atfar^HVy.— im*. 


lnf,J-.ua.  I'n. 

BRIDl  PERIOB  DECORATIONS,  DETAILS,  AND  VIEWS 

OF  \   CHURCH,   IN    i  SHIRE, 

new  taacrllj  (Ihr  ajirrvinrt  nl  llu-  partrnl  tail  nt  Saftnai.  la  Uia  early  jar- 
rj  VIII. 


I  lite* 


ISt  in  ntuaUr)  dirpUj-  tar  heiatiAU  Style  of  tat  Tador  Agr  ia  Drlaik.  0 
Vtraa.     KlotMtl  ia  •  naaUrl/  at  jle  of  Art. 


ARCHITECT!   :       I.    IIIUIXUY.    59,    II Kill     IIOI.HORN. 


68. 

Rojil  4tOL.  tery  Uf.l!;  !in'.Mi.>ui,il  in  nmwco,  gilt,  frit-*  £2.  12*.  6rf. 

DRAWINGS    OF    IMF,    FINEST    EXISTING    SPECIMENS    OF 
ANCIENT   HALF-TIMBERED   HODSES   OF   ENGLAND, 

And  of  their  Detail.;  with  an  Kuav,  tiOB  of  the  Stjlc,  and  the  Age  to  wttcfc  it 

belong*. 

i     UMliai-SlUlN,   .,,rhil*rt. 

*,'  The  WOrl  •  "  I  ■  «*,  taken  Bn  <  rrmainiiie  Specimens  of  tlii* 

.dand.  compriMng  Minor   rumm.  Town  Rcsi- 
dcncci,  uid  Collages,  MUM  "I  which  are  paitlcnhtrlj  Itrlking  and  ,  in  onlrr  In  iriv.-  :i 

more  complct*  UltMtntlon  "i  it,  mcli  Vtcm  tit  sccom  *i  toil  bj  Drawitup,  i<>  ■<  Urgi:  »ode,  »f  ('him- 
scary,  Pore!  I uilv    To  which  is  added,  au  Essay,  giving  a 

General  II  rtorl  '  n-hiteclure. 


69. 
With  Plates,  imperial  8vo..  cloth  boards,  £1.  It. 

CLARKE'S  ELIZABETHAN   ARCHITECTURE. 


ISM  I'M  IB. 


WimhMiin    Hkik,   Sum?,   built   br  Mr  Itonm  It'll, 

l'.vi. 

RMton  Room,  Tori.  Mr  ll*nry  Mai 

■■.  oburtan. 

SUnliria  H.ll.    Nurfolk.  (mmlx  ■>(  nufrrrdm. 
.■SVtktord  llxtl,  Thomas  Sr.-lci„nl. 
nrani«ln!l  ...hlr*. 

Queen's  HitmI.  ItlingrlOTi.  >ir  \V  slier  Raleigh. 
Ion,  Oxlonbhlrc,  U'tlter  Jones. 


Hmrton  Hal:  IS  liter  Hrerrlon. 

.Ilrr  Cope. 
urTutk. 
■ 
llontieutr  Houbc,  fvmirrxi.lurr.  Sir  Edward  Philip*. 
WeAtsux'.l  BooM,  U'orctnlrrahire. 

Hi  kdsranl  Culprp^r. 

Cwtrr'.  I  *»m< 

Etwtbsorj  Bovm  '''•■  itesgte 

Ewi  Muall,  Humti,  Ncs.ton. 
i  Mil  Baa*,  nma  Wormier,  fcc. 


70. 

1 1  '.  ■    I  ile-1'sge  printed  in  colours  and  gold,  elegantly  half-bound  in  morocco,  and  lettered, 

Mm  *Sl.  16a. 

SPECIMENS  OF  THE  ARCHITECTURE    OF  THE    REIGNS    OF 
QUEEN  ELIZABETH    AND    KING   JAMES   I., 

Vmni    I  :•!.' ..  ;•.■-■  -    liv    CbaKLKK    J\mi-    Kii  iiahiimin,    QflOKOK.    M  no  RE,    Slid    oilier     \r.liidn 

Obscnatious  and  MHrJptkna  of  the  Plate*. 

liit'liloen  Plates  illiiitrate  the  Old  Manor  Home,  the  Gardens,  Terraces,  te,  at  Claverton,  the  Seat  at 

I'iclumque   House  at   Bradford — and  eiglit    ilir 

prjnotlj  Ksmioa  "f  Lord  Holland  at  Kaasinj 

The  subline  iiinljini.  .  maples,  of  <  fOil  i  ieens,  Suirraars,  M  onrnenta, 

Pnjptts,  .\i.i  and  a  rich  collection  of  Fai  I   Drawing*,  chiefly  of  John  Tlmrpc, 

the  moit  eminent  Artist  iu  Queen  Elizabeth's  time. 


71. 

In  Km.,  run  ilutli  ootid*,  and  lettered,  Price  7». — 24  copies  are  printed  on  India  paper,  Price  10a.  6rf. 

ditiim,  oorrectcd. 

HAKEWELL'S    ATTEMPT   TO    DETERMINE   THE    EXACT 
CHARACTER  OF    ELIZABETHAN   ARCHITECTURE, 

llluvtratcil  by  Paralle]    oi  Dorton  lluu'   .  Ilitilrld.  Longleate,  and  Wollaton,  in  England;  the  Pallazzo 
dfiu  Ctaeduitsj  at  Boo*. 

The  Piste  II  PallnMO  i  '.laria.  at  Rome,  by 

Rraznantc,   1495 1   and  I.onglev  i    14*7.     Coojpa  ftort  >»' 

Hatfield.  Kill,  wttb  NSiparUlMDt  of  Wollaton  Hall,  1580i  Durton  House.  Ducks— a  Plan,  Screen  hi 


the  Hall;  Longitudinal  !  a*  Staircase;  TransTrr:  Staircaa*  I 

in  Queen  El  «  the-  aame  room  1  »  fr00'  *■  of  llir.  Queen   ° 

tpBiawtij  ng  campartBenU  *rt  filled  with  the  Portrait*  of  her  | 

iile. 

72. 
8  vc*,  doth  hoards,  ami  lettered,  Price.  8*. 

HOLLER'S   GERMAN   GOTHIC  ARCHITECTURE, 

Translated      Vat.  NoM  and  Illustrations  by  W.  H.  LEI 


73. 

In  8r©.,  with  Note*  and  UtMtWttOM  b|  W.  B.  I.KI.DS.    IVire  £4.  4,. 

•croon  datrjtt  arfbitrrttitt*. 

MEMORIALS  OP  GERMAN  ARCHITECTURE; 

Or,  tli«-  UU hit  ANTIQUITIES  OF  GERM 

By  GEORGE  MOI.l.r.U,  "(  Daroi»U.U,  Architect  to  the  Grand  Dnkc  at 

i  toIi,.  large  folio,  with  ISO  Plate*,  a  Description  of  each  Edifice,  anil  an  Essay  tm  the  (iHinti  I 

Kof  Gothic  Architecture,  with  reference  to  its  Origin  and  I'rojrtaa  in  England ;  in  the  I 
_u»jr.  accompanied  by  an  English  Translation. 


The  Transition,  or  KirU  IJ#raun,  ha*  not  rri,  so  far 
a.  I  aaro«,  rw.w.1  rniirh  dittnnrt   altrntion.      I>r.  Moll.r, 


huw«m,  in  the  orwrae  of  bis  taloahL  l>«nkniaehl.r.  hu       lain. 

p 

lilt] 


BUM  -ill    pe>t«My    tyyKtt  In  4  anon  tlni, 
ort    IVnkmachln  d.r  IVulacfccu  Hauku 


th-. 


re.  on  tht  Ijtlm.  which  i»  &  irty  admiralilc  .ticei- 
:n.  kind  .    *ntl  bu  noti««t  th#  inUnnriliuC  and 
nwjMACfon  plaw  ..hut.  thi.  *dinc#  M#nia  to  nseupr  in  th* 

■l'-"-l..|"- '  Of  'I.'    !••  i.m.i.  -:.!..■       V,  i. .--II'.    N..I-.  ..n 

lnifilii-«.  p.  yv 
'  'Phrrr  csi.t.  however.  »c.rml  raluablc  pitblir.li. mi.  with 
ro<h1  pinto,  on  the  BXajaVl  of  Urrnun  ArchlUcturr,  and 

Several  copies  .if  Sneiily  -tun  Plate.,  making  Vol.  I.,  have  horn  sold  in  tliii  country: 
the  Snd  Vol.  to  make  up  these  kU  can  he  had  for  X2.  VU.  6d. 


U.iil    ID  ..niri.i  of  cmy  strip  ca*  t 

ntmu  ul  ton 
i  Norn  on  fin  an— 
».  s». 

■  -lTir     I  l.in.ll     o(    St.     f.Lhannr.    U 
W'.rm..  sJao  la  part  a  nun,  i.  snuthrr  fine", 

lodaaa  l**n  »>  .:..!  la  ih. 

mrk  of  Pt.  MoOa.' — WoaawaD'a    Notaa   an 
i  batons*,  a,  n». 


74. 
Royml  «to„  with  Plates.     lViee  XI.  1». 

PROLU8IONE8  ARCHITECTONICS ; 

Or,  ESSAYS  on  Suhj.ct.  connected  with  GRECIAN   Hid   ROMAN    ARCHITrXTURE. 
Forty  Eugraviiigs  hy  eminent  Artists.      Dedicated,  by  permit B,  to  Bam  Grks 

n>   WILLIAM  wii.kins.   ■,  \i .,  I  I  .  MLS, 
Formerly  a  Senior  Fellow  of  ('aim  College,  in  the  University  of  Cambridge;  Professor  of  Archil 

in  the  Royal  Academy  of  Alia. 


75. 
2  vols  tto.,  upwards  of  70  Plate*  ami  W.xui  .-uta,  Price  £Z.  2». 

LETTERS  OF  AN  ARCHITECT  FROM  FRANCE,  ITALY, 
AND  GREECE; 

Or,  CRITICAL  REMARKS  on  CONTINENTAL  ARCIII  HAT  I  Hi:,    INCIBNT  and   MODERN, 
on  the  l  \KMIITTITM,  p  ,„  aStrwaof  Letters, 

By  JOSEPH   WOODS,  f.A.8»  F.US_  F.G.S..  Ac. 


ARCHITKCrt.-RAI.    I.IItHAKV,    59,    Hltill     IIOI.IIOHN. 


21 


76. 

Hvi,.,  «iii!  i"..'. .  i  latk 

VENTILATION,  WARMING,  AM)  TRANSMISSION  OF  SOUND. 

mpost  o 


asroKT  or  thk  commit-™*  or  tw«  noch  or  <ommui»  ok  vkntilation,  warmimo. 

AMP  THAMmwi.miii>    <ir    KutiMD, 

AbbrerUted.  with  Note*.     By  W.  .v.  [MIAN,  Architect,  F.I.H.A. 


77. 

In  8to.,  Illuilratcd  with  a  *ery  Uric  Prontupiece  of  Sr.  Paul'*  Catuidbal,  by  Gladwin.     Extra 

<  kiii  bond*,  Un  [Op.  id. 

THE  PROFESSIONAL  PRACTICB    OF  ARCHITECTS  AND  THAT 
Of  MEASURING  SURVKYORS, 

And  Reference  to  BUILDERS,  etc.,  &c,  from  the  I pj  iln-  i-lcl>i»tcd  Baiu  or  III  blimutox. 

By  JUOa  N0B1 1,  tVnUtMt,  f.i.i. 


78. 

78  twy  line  Plate*,  royal  folio,  neat  in  cloth  board*  and  lettered.  Price  jC3.  3*. 

THE  UNEDITED  ANTIQUITIES  OF  ATTICA. 

By  the  Society  of  Dilettanti.    Comprising  the  Architectural  Remain*  of  Elcuut,   Rlianiniu.  Suniuni, 

and  Thoricu*. 


COT! 


79. 
8vo..  with  Plate*,  Price  7*. 

OTTAGES  AND  HOUSES  FOR  THE  PEASANTRY  AND 
EMIGRANTS. 


XLBUtMTABT    AMD    HUACTICAL    IMCTBriCTION*    OK    TUB    AWT    Or    Bill  III  XII   COTTAOM    AMD    llOUtt* 

BOB    THE     IIUMULKB    CLA»E*. 

An  Easy  Method  of  Conitnieting  Earthen  Wall*,  adapted  to  the  Erection  of  Doelling.houstt,  Agri- 
cultural and  oilier  llmMing*,  >ur|niMiug  tliote  built  of  ftmba    tfarl  and  liability,  and  equalling 

thoae  built  of  Brick,  and  at  a  coii*idcrahlc  taking.     To  which  are  added.  Practical  Treatite*  on  the 
M.inui.i.iiu.  of  Brtekl  Hid  Linn-,  on  tin-  Art*  of  Digging  VVrll*  and  Draining;   Rearing  and  Managing 

I  v,-K,.iiiiiie  (tadm  i  Mananmenl  of  Stock,  fee     Pm  Emigrant* ;  (or  th»  boiler  lodging  of 

the  Peasantry  of  Great  Britain  and   Ireland ;  and  the   Iroprcnemeiit  of  those  District*  to  whicti  the 
benevolence  of  Landed  Proprietor*  ia  now  directed. 

II..   WILLIAM  WILDS,  Surveyor. 

The  work  contain!;— 


Cn*r.  I.  "In*  Art  of  CvnitnKiinr  Hobm  »n.l  OatpbBta 
with  Korthim  Wcdl,  m*dc  nwj.  orinK  inldlir'Me  to  all 
pUmm.  uul  to  lb*  mo*l   iflniirant  in  building,    witb 

M' I.I  ttl.    ill    tlH.l.       |l!.ll>       jll.l    ...    Illll...     fcc. 

II.  On  Hrirk*.  bow  (hoy  AC*  to  be  •,d«*nt*gtou,ly  tppllrd 
in  conjunction  with  niumcd  carlb ;  rule*  for  wlaiiiii 
:!,.    b*K  forth,  &f- 

III.  Oo  lb*  Muafkctiur  and  ('hole*  of  llrick*. 


'rnpcrrlio,  !'•*•,  *nd  Mtnufirture  of  time. 
V.  Oft  Wrll-iii*fint.    Dt.ln'.na.    W.ll  ..nkir.«, 
Ytul.  on  Oaraeaia* :  *b.t  uuantiiv  of  L»n.1  wdl  ktrp  a 
>'»m.l«  ,ri  tauinan  yjjilaflai  |  rs-k.  *:«•.  • 
llr-«.l  lorn  i   on  lh<  K~i>ln«  of  Com,  ll.>n.    Foultry, 
■  nd  Ait  of  rotllng  of  I'uullo.  Soap,  Muring  Fruit, 
Root..  Ac. 


80. 
In  tig*  Plate*,  very  neatly  coloured,  cloth  board*  and  lettered,  Price  16*. 

A  SERIES  OF  DESIGNS  FOR  VILLAS  AND  COUNTRY  HOI 


.. 


Adapted  with  Economy  to  Mm  Comfort*  and  to  the  Elegance*  of  Modem  Life,  wttta  Plant  a*ul 

Explanation*  to  each. 

By  C.  A.  Bl'SBY.  Architect. 


Second  Edition,  sto..  Price  XI.  It. 

VILLAS   AM)   OTHEB    RURAL    BUILD 

•lie  Ulc  KIJMIM)  Ml  Atci. 

"iili   Plans  Hid    Dm  luiiroa,  end  en  Intro. I 

Sing  1  ttfr-it % .,(  MihIitii  ire,  and  on  the   Imc.tij-aiii.n 

for  the  Dwellings  of  the  Present  Tunc?.     Dedicated  to  the  Utc  T>irju,n«  llo|*. 

luchi-  i-drliOi  ikxt  |bk  cWat«    TW  » 

jeet  whirji  it  suy  bo  lurful  u>d  haClisi|M<hia  to  r**"* ' 


'  ll.,i*r»  Architect*  jirefr»t  to  unitile  nitiqur  rumple*. 
ntlliUium.  anil  rli 


in  Ihc  *    o 

Into  rAwe  pita**p*»»a»*l  it»»i  v»i.ii, 


..u-tinn. 


89. 

16  (Milt**,  larg' 

DESIGNS   FOR    RURAL  CHURCHES. 

I  :   GEORGE  E.  HAMILTON.  Architect. 


A 


Secoml  1  ilitinn    iii  »-. ii.,  illustrated  rtitb  ntunrroiu  large  folding  FUtcs.  Price  12*.  tV. 

POPULAR    TR]      II  -i     ON    THE    WARMING     AM)     VENT 
LATION   OF    BUILDINGS, 

ShOwin|  'lie  ail»au!»|ie»  nf  tin    Improved  >;.^tem  of  Heated  Water  Circulation,  i 
By  CHARLES  JAMES  RICHAlt: 


S4. 
The  Sixth  Edition.  PrJM  If,.  ui.i. 

THE    PRACTICAL    HOUSE   CARPENTER,  OR  YOUTH'S 

INSTRUCTOR; 

i  •inioining  a  great  variety  of  a  I  Ctmentl]  "I  for  . 

Niches,  &c. ;  Bnmplei  for  Ro  its,  &c. ;   [resign*,  fur   I  .routs, 

i  "i    '   Dinbig-Eoca I    I  any  otbrr  lent 

ole   iDuitratcd  and  made   perfectly  easy 
CoppcT-plati.'*,  with  LAplunationt  to  each. 

Uj  WILLIAM  PAIK. 


In  until  8so„  for  a  Pocket-Rook. 


85. 

i   mini   I  .ililnt  of  Aucuitlcs. 
T.T,  lmu\K 


TABLES    FOR   THE    PURCHASING   OF  ESTAT 

Frc'lii'l'l,  Copyhold,  of  Leasehold,  Aim  i  Aing  of  Leases  held  under  Cathedral 
Churches,  Colleges,  or  other  Corporate  Bodies, 

laliung   Reversionary   Lttates.   Dan  i  with   seven! 

ud  Utcnttiag  TftbU* connected  witli  Uie  tiihjret.  AJ            Fl  ■   Tallies  of  Compound  In 

By  '  i  and  Siu-Yeyor. 


86. 
Mao    Pi   i    ■.  W. 
A   MANUAL    OF   THE    LAW    OF    FIXTURE 
By  DAVID  GIBBONS,  E*q,  of  the  Middle  T 
A  work  piirgiosely  »tit ten  for  the  use  of  Eluildcrs.  House  Agents,  anil  Mount  and  Land  Proprietors, 


ARCHITECTURAL    LIBRARY,    59,    HIGH    UOLBORN.  2.5 


87. 
Price  Zt  6VL,  fw.-l.rl  v.,.-,  doth  boards. 

THE  BUILDING  ACT  (at  Urge),  side  References. 

With  Extract'  fan  the  Sweeps'  Art-;   and  with   RxpltMtar)  Note*'  -""I  Ctm, 

KJBB,  iNHtMt 


88 

8ro.,  Price  I6». 

COMPLETE  ASSISTANT  for  the  Landed  Proprietor,  Estate  and  House 

Agent.  Land  Steward,  Proctor,  Architect,  Ac. 


8& 

Bvft  Mil  *  folding  Plate,  Price  St. 

ON     THE     SAFETY     LAMP, 

fa    I'.iir.nlinir  Explosions  in  Mines,  Houses  Lighted  by  Gas,  Spirit  Warehouses,  or  UaftdflM   ill 
Mups.  &B  .  with  Kescirchct  M  I 'I.mi.-. 

By    SIB    HI  afPHRBV    D4VVT,    U»rt. 


90. 
NtwSditiOO,  9r      Prlo   16*.    With  M  Copper.plafcl  Engraving*. 

A  TREATISB  ON   I80METRICAL  DRAWING, 

I  applicable  to  i,  PictuieaqtM  Delineations  of  Ornamental  Grounds.  IVr- 

PUni  of  Buildings  and  Ifaehlaerj    and  la  I  entnl  Puipo-n  i,r  civil 

■  uli   DetaOl  of  banroved   Methods   of  preserving  Plans  ud    EUowdl  tt  S.,liierraneun 

.  in  Mining  District*. 

SdPWITH.  MJ.C.E. 


91. 

Second  Kililitm,  «iih  lixiitii|il«:»,  I'mv  Z$,  ful. 

A  SET  OF  PROJECTING    AND    PARALLEL  RULERS, 

fa  MMtrOCdDf  Working  Plans  and  Drawing,  in  Is i-irirtd  and  other  Modes  of  Projc: 

Invented  bj  T.  BOPVTTH. 


9% 
Price  10*  M 

GEOLOGICAL   SECTIONS 

Of  llolyfleld,  Hudgill  Cross  Vein,  anil  I  Lead  Mine*,  in  AUtou  Moor  and  Tcesdalc,  allowing 

tlic   various   Strata  and    Subterranean   Operations.     I  m  three  coloured   Plat. 

ii,  Sic. 


93. 

IS .,  Prlo«4«,<stf. 

AN  ACCOUNT  OF  THE  MINING   DISTRICTS 

Of  Alston  Moor,  Wuaniak,  anil  Teeylale,  in  Ciiuirwruuul  and  Durham     D«  i   ipl  re  Sketches  of  (he 
Scenery.  Antiquities,  Geology,  and  Mining  Op  I   Upper  Dales  of  the  Rivers  Tjnc,  Wear, 

and  Tees. 


94. 

Ill  tto.,  »r«h  3  Plate..,  in  hoard*.  Price  10».  W. 

OBSERVATIONS  ON  THE  CONSTRUCTION  AND    PITTING  01 
OF  MEETING   HOUSES,  &c  FOR  PUBLIC   WORSHIP; 

Illustrated  by  Plant,  Section*,  end  Dctcrtptlon*.  iiicli  acted  in  thr  Citj  »f  York  j  emka 

in  putiaaltf,  It  !  and  VBNTILAT1 


FURNITURE   AND   INTERIOR   DECORATIONS. 


95. 
Royal  (to.,  Met  £1.  I* 

CHIPPENDALE'S  IGNS  OF 

INTERIOR  DECORATIONS  IN  Till-:  OLD 
FRENCH  srvi  rs.  for  Carter*,  Cabinet. 
I'jiintcr*.  Brass- Workers, 
Modellers,  Chasers.  Silversmiths,  General  Dc- 
signers,  and  \ i .  in' .-■■! ■..     Mh  Plaice  tin.,  conv- 

ng   of  Mall,  Glut,    ami    Pletur«-Pi ■■-. 

('iiinuir\ -I'ln-i-.,  Sta&da  for  Cbinai  A«\,  Clock 
am!  \\;iii-ii  Catet,  Oirandolet,  Brackets,  Grate*. 

i  irnorncnul   Furniture,  and  Ceilings. 

96. 

It  Plate.  II  ..  I '.in-  10*.  6il. 

SPECIMENS  OF  THE  CELEHK  \TKI> 
ORNAMENTS    and    INTERIOR    DBl 

thins  pf  tha  sOS  .if  LOUIS  Xiv..  selected 
from  the  magnificent  work  of  Mcissonnier. 

97. 

I I  Plate*,  tto..  Price  7». 
CHIPPENDALE'S        DESIGNS       for 

BOODMB,  riiiiiiiny  and  Looking-Glami  Frame*, 
in  the  old  French  stvlc :  adapted  for  Carvers 
and  Gilder*.  Cubinct-M.ik.cri.  Modeller.-.,  .\. . 

98. 

12mo.,  Price  Is.  C„l. 

DESIGNS  POS  VASES,  on  17  Plates. 

99. 

III  PhllO,  Hvn.,   I'lilV    In. 

DESIGNS  FOB  (  IIIMNEV-l'lECES 
AM)  CHIMNB1  GLASSES,  tht  rat  abate 
in.,  other,  in  tha  timet  oflnigo  Janet  and  Sir 

John  Vaiihurgh. 

100. 
a  Plates,  oblong.  Price  Is.  Cd. 

A    cook  OF  ORNAMENTS,  niUUa 

I...  Ileginncn.  By  TUOMAS  PET!  IKK. 
Carver. 

101. 
Kgjl  folio,  12<i  Plates,  boards,  I'ricr  £  I.  4,. 

ETCHINGS,    repnav sating     Ou     BEST 

.in. i  s  nf   •,  m :j|  NT    m:\  '.Mi 

rilTBCTURB,   .Irnwn  from   the  Originals 

m  Heme,  FRAGMENTS  of  GRECIAN  OR- 
NAMENT.    11-  C.  II.  TATIIAM 


102. 

On  3J  folio  Plates,  eugrared  >n  . 

Cholk  Drawing*.  I'ricr  IS*. 

ORNAMENTS  DISPLAYED,  on 

sixe  for  working,  proper  for  oil  Cuvrn,  P*. 
&c.  containing  *  variety  of  Accurate 
of  Foliage  and  Fries**. 

103. 

Wit).   30   Plates,  col  a   ktiperior 

and    hot. pressed,    hound    in     doth,    and 
lettered,  nitli  a  lettcr-pres*    descriptive 
the  contents.  Price  £1.  7*. 

DESIGNS  OF  VALANCES  iND 

PERILS,  consisting  of  New  De*iK 
able  Upholstery  Wferfc.    Bj  T.  KINO. 

This    •tort'    contain!   a    variety  of  Valance* 
Drajierics   of  the  richest    description.   . 
for  Dining    and   Drawing-room., 
novel  Designs  for  Four-post  ami  French 

As  a  limited   number  of  this  work   is    pe 
ordi  r-.  art  requested  as  early  as  paasihle. 

104. 

46  Coloured  Plates,  oblong,  Prirr  £1. 

ORIGINAL  DESIGNS  FOR  CABD 

r  smii  Rg.     By  T.  hi  i 

105. 
32  Coloured  Plates,  oblong.  Price  £1. 
ORIGINAL   DESIGNS  FOR   CHAil 
and   SOFAS,  with   MUSIC    STOOLS, 

STOOLS,   01  rOMAN    S &c 

T.   KIM.. 

106. 

Part  I-,  large  quarto,  16  Platen  Price  Ita, 

THE     UPHOLSTERER'S      ski 
BOOK      OF     ORIGINAL     DEM 
PAS1IIONABLB  DRAPERIES.    By  T.  KV 

107. 
Price  12,. 

THIRTY-SIX  NEW,  ORIGINAL 

PRACTICAL  DESIGNS  for  CHAIRS,  adapted 
for      the      DRAWING     and     DIMM;  R 
PAKI.OI  Huini  II.U.L     Bj 
Carvi  r. 


ARCIUTBCTIUAL    LIBRARY,    59,    HIGH    HOI.HORN. 
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106. 

,  3,  4.  oim|ili ■(.-.   l(1t.  Cut.  each,  (the 
•  £'i.  2j.,)  .•miii.uiiMK  *-»  Plate*. 

TIRE     NEW     SERIES     OF 
D   i  PHOLSTEBY    DC 

to  embrace  every  rajiot)  nf  elegant 
ill  I'linntiire.  suited  to  III'.'  Palace  "r 
nii'lii.ir  ■, les  of  IJrcek, 

Louis   o.c    1 1 tli.   te.     I»y   UBORGK 


109. 

Ho.  post,  rommon  papa.  li»..  contain. 
I'Liti  ..  iiii.I  II  pages  of  lettcr-preu. 

STERERS-  AC(  III. KATOR, 

I  for  Cutting  and  forming  Draperies, 
ic,  accompiiim-d  B)  n|i|ii"|'tialc  Re 
containing  a  full  description  of  •>  Ken 
ili  h  ":ii  gn  ■  le  and  improve 

,...,.      Hi  T.  K1M1. 

110. 

gg,  ri.iKri.il  nils  miirII  for  tbe  pocket, 
Price  £  1.  3». 

tATIONS  FOR  WINDOWS 
AND  BEDS, 

.1"  ion  Fashionable  Pi-signi  6*  I  pool- 
,  with  the  Varieties  « > t" » I ■  •  ■  pi  Mai  Stile. 
,  part..     Ilv  T.  KING. 

111. 

.■oloillcl,     containing     21      PlnteS.     ItU 

iIMhiiiikL 

M  DESIGNS  FOB  DRAPERY 
AND  VALANCES, 

01I.1.11I  ill  lteds  ail' I 

ByT.  KIN<;. 

112. 
jubliahed.  3  Part*.  Price  £1.  104 

<ING  ORNAMENTS  AND 
FORMS. 

ir  the  use  of  tlie  Cabinet  Manufacturer, 
11!  Mb  Maker.  Carver,  and  Turner. 
Br  T.  KINO. 

113. 

large  (to.,  60  Plates.  Price  £2.  5#. 

M.T-MAKERS'    SKKTI  II 
BOOK.     Ilv  T.  KINO. 


To 


111. 

SI  ITl.EMENTARY  PLATES 

the    work    entitled    ••  Tlie   Modern    Style    of 


1..I1111.1  Work  BnmpSAtd  in  Nm  Designs." 

ByT.  UNO. 

The    Supplementary    Platen    consist    of  1) 
Dcilgna,  on  28  Plate*. 

115. 

I'll..-    X'.,    iii.ilinin    ito.,    half-homi<l ;    common 
edition,  £1.  12*.  in  1 

THE  MODERN  STYLE  OF  CABINET 
WORK  EXEMPLIFIED  IN  NEW 
DESIGNS. 

(in  73  I'lnii •..  .  .inuiiiinif  22?  Designi  for  Cabinet 
Work.     By  T.  KINO. 

116. 

I'n'  t  CI.,  t2  Plat  i  »huh 

arc  neatly  coloured. 

DESIGNS  FOR  carving  AND 
GILDING, 

9  iili  Original  Pattern,  for  Toilette  Claue*. 

ByT.  mm;. 

117. 

Price  4a.,  8to. 

R.   MAlNWAKINd'S  CHAIR- 

MAKERS'   GUIDE, 

200  (ienteel  Design*  (ljlio). 

118. 

Large  8to„  Price  "«. 
HOI  BE •'>  FURNITURE, 

In  iln-  U.tc  "f  ■  century  »g".  containing  upwards- 
of  3511  Oesigua  00  ISO  Plate*. 

119. 
Met  18*.  18  Plate*.  00  f"i 

SHOP   FRONTS  AND  EXTERIOR 

DOORS. 

Dixplajing  the  most  MTOMCl  OfLOBdOB  CTUCU. 
tion,  ami  "In  Md  .1.  being  tboM  of  the  beat  lassie 
and  greatest  sariety  1  drawn  to  a  wale  by  accurate 
:  ameat,  accompanied  hjr  the  proper  Sectiotu 
ami  Plant,  with  xveral  New  Practical  l)i 

Vrchilret,  Builder,  and  Joiner. 
ByT.  KINO. 


ISO. 

Ornament*. 

GRECIAN   ORNAMENTS. 

A  SERIES  of  EXAMPLES,  in   21    Ptatca,  of  GRECIAN    ORNAMENT,   b   ror«l   folio, 
engraved  from  Dnwin  'J  Architects..     Price  la*. 

CONTEXTS    or    THE    WML 


Itadlli  of  the  Colin*  of  the  Pr^l  ■ 

mlo,  at  KliuaU. 
\nl»  »t  Urir,  at  Kltuau. 

,i,.-  of  plana  Prop*lm, 
tula. 
CapiLiU  ami  Profile  of  the  Temple  of  Nrraou.  at  Kham- 
niia. 

i  lor  Cat- 

UMft.  Ac.  tVe.  oftbc  TffmMC  '•<  V-mf-ai..  al  Kh.mnu*. 
Detail,  of  Die  Hoof.  Tiling,  fee.  of  lb.  NanMafc, 

.1  Km-iuiu*. 

Srnulrhr*l  It. 

■  Ural  >l«i!iic».  Caroitab,  anil  Triirltiilii,  « 
|i,  ;... 
Kntalilatun?  of  the  Onlerof  thn  rrn.tr  1»  ami  Hoof,  l>m»- 

II    llO-a... 

Subvcrraneou.  Chamber,  at  Atjoenar. 


1 l   Dtatata  M  -.1--  fain—  1  I'.' 

Chamber,  at  Mjrmf.  *oraiu.*.I>  c»Ua>l  I 

Ali'Ut. 

.  IS.  |.«n.im  of  Mr.  I 
Temcvtta  AuUbta,    at  Allien..    Baal 

lr..it.  1 
PUaalrr  Capital*  U»nn  SlnUali'  a«.l  I 
rWmanta    from    HaTmruk~o>.      T* 
at  BnacMar.  ar*r  Militia. 

M  the.  r.rure.  «#  l_ 

1  .i.B-nftaa  rT*<p7tM. 

of  the  TVuit,u>  of  The****. 

ul 



I.I  • 

of  the  < 

of  tl"  Taanal  of  Juyit. 

of    th#    i  ..lui.in.     of    tho 

Tanplr, 


This  work  i*  very  desirable  for  Sculpton,  Uodi  u>ilgning  for   M 

Tablets,  ftc)   Bafldan,  and  Arvl.iiv 
rtntlquataM  nf  Anii-j.  ami  i!n-  Soppu) niarv  tohunc  of  Ai!tii|uj(i<»  of  Greece,  Sj-Hly,  «Vc.,  x 

tins  Mlk,  H  I  ;im  n' Ice  tod  from  tin  in. 


VALUABLE  ENGRAVINGS  ON   ARCHITECTURE,  CIVIL 
M  ECHAN IC AL  EN  U 1 N  E  E  RING. 


121. 
LONDON  BRIDGE:  mgravea.  on  Bl M  I. 

in    tin'  ln'M     -I'll',    liy    J.     \V.    Lower,    llllili  I    llli' 

direction  of  13.  Alua.no.  Eti|„  C.E.,  from  bit 
Drawing  presented  to  the  uutUution  ol   I  Ml 

.mil   mail.'    !. 
.mii'i    Ailini  MMirilui-ill.    Willi    [)rriiii>-.iuii    nl 

i  ,  l'.l;.s  ,  ;  i.ngiuoer.  lat- 
Part.  Plan  anil  Bbnttioo  on  a  large  scale.  25 
feet  to  1  inch.  11».    <Jn  India  Paper.  £1.  U. 

lJ'J. 

STAINES   BRIDGE:    a  floe  Eagr 

l.v    .1      II.    I.i      Imi-.,    iiiiiIit    !lir    direction    "' 

i;.  .'.in'.-.",  Bm>i  I   t •.  iniiii  tut  Drawing  pr* 

aentcd  to  the  Instituti'  ;i  "I  I  tffl  linginccrs, 
i  nl  miiile  Cram  the  Original  Drawings  and 
AilniiM-nirniiiil.    >||ll 

R.S  ,  the  Engineer,    tut  Part. 

in  fiii  tn 

.    10...      I  in  Itnlia  Paper.  Ii«. 

123. 

PAULS— Bbidob  op  JENA.  9  fee  Prists. 

It ,  SmIIM,  and   Detail*.     Draw- 

Ing*  made  by  L.  Golkviuhiu-ki,  [    '•' 
i'i    reaiding  in  Pari*),  from 

nifiil,  hv  jii'iini.Miin  .if  tin-  I'lrmh  OoTcrament. 
10t. 


124. 

GLADWIN'S    Fine    Bagrmviiw 

Patent  lug  Slide   Lartl 

'Van.   J.   \ininraatm    and 
: . .-.    ij.     India  paper.  It.  &tl. 

123. 
DWIN'8   I  tvingi 

7*. 
Icratioo  of  Stki 


Gl 


Pan  ul    I  ooomotrn    End ■.,-.   i  rinttd 
r.     Cotumhatr  at 


GLADWIN'S    Splendid     Engrw 

..•  E 
Largi 
*.♦    I'lii*  u  a  master-piece  d 
p«rinji  and  <><■-.)  bo  coinddaTDl 

..imii. 

128. 
Lithographed  Folio   Print  of 

Friction    ami    d  Mr. 

Patentee.     'U. 


ARCHITECTt-RAL    LIBKAHY,   59,    II  Hi  II    IIOI.IIOHN. 


139. 

Price  O.  8*. 

ERRISSEAIPS    Poorteea    Plrtw   «rf 

EBBCravring*.  on  ■  large  Alios  folio  sire,  of  the 
following,  being  a  set. 

Arch  of  I'ulj  in  IsfrU- 
A/cli  Of  I 

Temple  of  Pola  Ml  l.ltil. 
Tannic  of  V«nuj. 
Ampliltht  air.  of  Capua. 

Jirchoi  Septjmai  ^'-rru»  anil  ofiuraeaila. 
Ampbitbuln  of  Hencrrutiini. 


Temple  of  Scraj.la, 

'1 \  Irnl 

Temple  of  Antaninua  sad  Fauatiaa. 

130. 
Gilt  frames  and  glued,  tcry  neat,  1 Is.  lb 

POBTRAITS  FRAMED  AND  GL 

BOB  AN  oil fU 

A  Pur  of  Portrait*  of  Geo.  STmramoit,  Kmj., 
■  I    niw'.i.IIc  ii|ion  Tync.  anil  KnM.ur  hi 

■us,  c..|..  of  Kiiininiii.;!.,  civil  Bn|bwtn 


131. 

IiiIm I\    .!ilTiH.-il    :  ■  II    Si  16  lllcb.CS  liV    10i    iiii-hf-,)    I'l  ■<•<-  it,  tul    pUiri.  ■'■>■  •-■■!■  -I :  i 

A  CHART  OF  THE  HARBOUR  AND  FORT  OF 

LONDON, 

biting  the  River  Thames  and  tlic  adjacent  Dock*  from  London  Bridge  to  Uugshy's   Hole,  and 
ng  the.  Ok -rmii.-li   Hailnay.  the  Commercial  Kaitwav,  ami  tkl  COOUMnccmtOl  01  llie  Croydon 
»y. 

In  1 1 1 i i  Chart  the  Low-waUr  Mark.  Soiit»lin(r«.   ShcwN,  and  otber  important  features,  are  inverted 
the  most  recent  survey*:  and,  from  the  care  nbjch  haa  been  exercued  In  indicating  correctly  the 
rioiu  Wharfs,  Dock-yards,  Warehouses,  and  Factories,  on  each  »idc  of  the  Btrcr,  it  will  he  found  of 
at  utility  10  all  persona  engaged  in  nnutii-oJ  ftf  commercial  pimmi... 


SIR  CHRISTOI'llKl!   WREN'S 
ARCHlTKCTl'liK. 

a.  Plan  of  bU  First  Dcuxnof  St,  IWa   i.. 

Id.  Elevation  anil  Section  of  Bow  Church,  n.  W 

111.  Inlehor  of  St.  Stephens  Walbrook.  U. 

l»i.  Xtctkai  of  St.  Janw-a  <:hiu-cti.  IVeadillT.  Is. 

ISO,  Roof  of  the  Theatre  si  Oaford.  I- 

|»7.   Plan  for  tht  lltlmilmiiR  of  the  Cit,  of  London,  If. 

i    ,    Una-thai,  Fin,  sad  section  of  thaColli-ot  at  Fkg 
atriaats,  l-nniltm,  1«.  t»l. 

130.  Elevation  of  the  Tower  and  Spire  of  St.  Punstan'a 
in  the  Kaat.  Loudon— Elevation  and  Section  of  Cnicbcalrr 
UT.fki. 


i  10 

WKSTMINXTKK    HALL. 
<i  from  SfdmeaMjremeul   by    Mr.  Oeor, 

'Clerk  of  the  Work,  lo  Sir  Uoeert  Smirkc.  Architect  to  (be 

rssrad  by  Mr.  ltj.-aat. 

Mosm.      Kuh..  .if,  'U.  fid. 

141. 
section  or  ST.  PAl'L'8  cathkdhal. 

*in i    1 1.. .in-.  .!    -n.i  ■  i.ni    I  \..mv:n(.   i  ,   i;wt»,  of 

i**i ..'%  *  i  toMtiMd 

V.  mi       .    ««n    fine    la/xr    PftoL   »hc«in|c   distinctly    Uio 
oowtrucuop  of  thjl  mnBiuficctil  I"!  Jitior.      Jfrtce  10*. 

■  ■    a  rrasnilirrnt    tiuXm,   th*  only  <>n*  <A  It*    kind. 

■  th«f«nlu«of»tr  ChrMUrjilMT  Wreo. 


Tin-  foUowfog  1'rinfH,  Bro.  Mr*,  arc  6rf.  each:  4to,  *.■/•',  oa  Unlli  pfl-JNfi  l*  mch. 


U3.  Mr.  OreanoacB  f>.  Burton. 

HI.  Catholii  Kc-amau. 

■  44.   Vm*  Stain    Water  Hale.      I.     I.  Jons*. 

IIJ.SomriwtlIr.il.  Interior*,  and  View*  . 

I  In,  Stort.  of   U  Adam. 

3.     Wren. 
I  ||>,   rfastfitt.     I,     llanre. 

ISO.  l'!ui  India  floiue.     I.    Jonp 

I  SI.    A.lilitlriiliain  Itouae. 

1 1  .»k. moor. 
I.     Nub. 
in.  Vaatinlaala  Ball,    v.     Haab. 

Baaqnetinc  Houm.     i      I    i 

UniKin  If-.u..       I.     lltnce.  \c. 
I    .  HTlot.     1.     Alirahun. 

ite  Club  JloiiM.      I.     Wilkim  and  (iandj. 
ISO.  Tower  of  Bo»  ChurcU.     t.     Wren. 

».  ^•cmin.ter  Abbcj  Church.     6.     Wren, 
im     IUII,  I  hrat'i  lloapitat.      I.     Shaw. 
-      „(t.>o  PlU«.      ».      S  r  II      . 

16>.  CoUcee  of  Pbjalcians  and  Union  Club  Hous*.    t. 

aRiH.8roirkc. 


i"i    KaBI at    BafcOf     l'«k.    ».    Nash  wid  D. 

Hlll'Mll. 

163.  Council  Offlee.  fcc     I.     Soanc. 

IM.  lluk  of  Knatan.l. 

I'',;.  I.«w  Court*.  »  .^>>aoe. 

I6«.  House  of  Lw<l,  Hanii 

loo.  Coloncum.  Knrent't  I'.rk.      I.     1).  Burton. 

170.  Ifsnoor  (  li.ip.i.       I. 

I,'..  T.mplo  Bar.      I.     Wr»n. 

in.  II  -.I..  *e.    J 

■  ml  I  i(..|i  '-  '  N'uh. 

1,-1.    Mr.  hemp',  fill,.      J.       Kendall. 
I.'.',.    !.  :.,««rk.    will    Wntntoo     1'r'ntp-.-*.     tl. 

I 
irft  nnJirof  rllaeaMan.     I,    Mvlnr. 
i;;.  illicit-  -,|  '.w.  iit.in.tei-.    s.    Lai", 

i;..    King'.  Knlnj.ce,  HouM  of  Lord.,  Section  and  In- 
terior Vl.a..      :t.      Scent 

plo-n'.,  Walbrook.     'i. 

ISO.  FUn  and  lnttnors  ot  T«n\<le  Church,     a. 

lm.  Flaiu,   kl»TH)on,  and  flrrlann  of  CW 

■London,    1*     1-ainc. 

113.  Plan  an«t  KbVraA'.on  Ca  fahndire  Mouse.     VariJ 
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WORKS    ITHl.lt-lir.il    MY    JOHN    WK.VL.Ey 


l*».  Rui,  EirafloM,  Vini,  and  Swtiona  of  *«.  Paul'a 
Cathedral.    » 

...  anil  Section,  of  .11.  JJartur.  Cliorrh      J. 

I..  ■■.!.. 

m.  Phn.  Section,  in*  Kleeiilorioftlii  tiu'eir.Thearrf. 
md  Rrpton. 
:;ui  and    tlnili-.ii    A  tha   HUM!      Pugta  and 

.:...,  KUiac.iin,  and  Interior  View  of  Haytnarket 
Theatre. 
m    Plm.  -.  n4  loterioi  of  Weatmtnate* 

Ahl«r.     3. 

It*.  PUn,  Xlmlion.  Section,  and  Interiur  uf  ■ 
Weolonth.     t.     llMkimoor. 

IpB,  Pl.n.  Klciiimn.ajid  Section  of  St.  Philip' •.  Urgent 
Street.     »      glDlOli 

''•on  of  Bcthlcin  H'.*|.  I 

lp2.  Plan  .ml  Klr.atlon.    of  llurlinr(''ii   Wouac.      Lord 
Wurlir.  'II. 

IPS.    ICierall.'n  i.n.1    Section,    of    St.  llii.li-'.  Church.      2. 

lot.    Interior'  T-      9o*AC. 

lpj,.  Plan,  deration,  and  Section  of  M.  Paul'., 
liif.lni.      lnifc-o  Jonca. 

ltd,  KIcralion  of  the  ttnral  Kichanrw.    J.    Jrrrmin. 

107.   Plan  and  Klrratlon  of  Ihe  Uiim.1I  h.-niu! 

■itciiovoftbff  Mansion  of  Th<.  |  Rope, 

100.  Plan.   Elerejlion,  and  View    of  (he  LaonarJ 
ljondon  Institution.     S.     llrooka. 

-'in.   Hun,  and  Tranrrera*  and  UinritudiuiU  See  ti,n.»   o| 
King  Henry  7llra  Chapel.     J.    Begun  110*. 


alp.  View  of  the  Fi.e  Elliptical  Arch  Bridge  arrow  the 
Tweed    m     '  :.'    Utc    John    llcnliic, 

i-:-i|  .  '  at,  va. 

vj n     \',..»  „f  r,. BBaaf of  I'.l-.l  !■:..,. '  BlMfl     i.y  K. 

Mi  lur.  Enrra'cd  by  the  cilrliralol  Piraneai,  Lance 
prinl.  (a.  6d. 

Ml.  Vlaw  nt  lh»  IVijrraa  of  the  rint  Arch  of  New 
I I. .ii  Mi..lti.'.»»tii  Centering.  L.  fW. 

I'll.  View  of  the  Menal  Sueucualon  Bridge.  Bjr  W.  A. 
Trovi..  ,-.     Fine  larre  prinl.  India.  III. 

IB.  View  of  the  CM  Iron  Hndja  arrow  the  Gallon 
Canal.  Itr  It.  Itrultrrn..  l.arge  *u«,  «r.  64.   India  proof*.  6*.. 

gff.  View  'if  llammcramlth  3u.pen.ion  llndge.  I'inely 
engraved.  Lrj*  «.ie.    u. 

ni.  Plan  and  Kleret. i  :.i...  u.i.i.i.  llndge,  If,  6a*. 

MS.  Ht.  Oeorge  Holler'.  «cry  Elaborate  Detailed  Plate* 
of  the  Cathedral  of  Colonic. .,n  nni'  '»rr  larcrt  .ucil  ih'.ta, 
■hnwlng  the  minute. t  detail  to  a  large  aralr.  tl... 
ill  roeral  altli  st    Stephen1 

.   I    uiireeof  Ihe  beat  are  ot  .Vr.l.i. 
tecture  in  thia  Country      With  a  tcit,  imull   loho.  in  tha 
German  language.  a?«.  4a. 
«?.  Mr.    Ilnttnn'a    Vlrwa   of   tha    Watt    e'ronla  of  14 

I,  (4. 1  eequatiotrd.  10a.  Oa*. 
739.  Mr.  Briltiiu'a   Serici   of  IVIurcauuc  Viewa  of  the 
Int.  i  ...r  iii  U  Cathedral*,  with  a  bonier  of  Aril.. 
and  Sculptural  Oniamriit.  fnho  me,  ft*. 

170.    Vanly'.     Pcrapertiir     View     of    the     Gothic     Ball, 

fel ...,  aa. 
ZW.  Mr.  Cone)'*  View  of  the  Interior  of  the  Cathedral  at 
.Milan,  rlnr  largi:  print,  Ha. 


in.  PUn,  Elrrellona,  Interior..  aa-1  |_ 
OanVa  Theatre,   6.   Nr  »• 

m.   Plan  and  Klcaalauatuf. Sir  Ji  . 

103.  Plan  and  Tranavrraa  rTaatattiil  Ot  94.  ■ 
■Wily.    Wiwm. 

»ili.  Ii.ten.wnr  Pl>rmt**oa'  Flail. 

(Oil.  Plan.  Klr.u-«i   arid  ttocticoac 
Chelatra.    1.    Sa.apc. 

Jud.  Klcraui.il.,  settiona,  aiv.1  Plan 
t'hurch.    J.    Inwood. 

»7.  Plan  and  Eleratiwa  of  All  Hants  i 

tot).  Eleratlon  and  Section  of  .St.  ntuiataut'l 
«  I'll. 

SOU.  :  .!  Seethm  it  Bow  Church. 

9I<>  I  -«*<Mil    of    St.     Uaryll 

ll.M.K 

I'lan.  Heetiorw.  and  lntertow  eaftfa* 
Chapel.  Moorurld*.     1.     Nn,min, 

Urn.  rtan,  and  (iar.l.n  Fraclt  <af  la.  . 
[Old  .     i 

tit.  PUn  and  Elention  of  the  llcoaa  Ci 

Hit.   I'lan  and  Klcration  of  the 

ail.   Vi«  of  the  Em 
*ld.  1 
Theatre.    8.    B,  Wj.k 

.  -w  uftha  Interior  of  Uaa   KnajUak 
Bcwalcy. 

if  the 

mm«1er  Hnd^e. 


m.  '■  i  : 'ration  of  the    Wi__ 

Slept..  Sle.«>..inr,    Cola 

Meeolln.  and  tha  Great  Pyramid  of  I 
folio  prinl,  i«. 

OS.  Plan  of  We.tin.naur   rial]  and    the  i 

»3.  View  of  tic  Waat  Kroot  of  live  Prm.r  h 
folio,  la.  thf.  i^^ 

B4.    Map  ,,:  raft  of  I 

the  otiwrialionvtaTreeeul  liaicUcra.c 
I It  N  .  J*.  6* 

111.   Portrait,  of  Krninmt  ArrhiMeta  and  I 

who  h»».      I ir  to  Britain.      Xn| 

•ijle  liy  wjierioi  artlata,  folio  and  lt». 
M  : 

1      --ir  CtanSaalgdaal  Wrera. 

»    June.  •  . 

S,   NiehoUa  Recti. 

1     m.  '.VilhuuChamhara. 

J.  June.  Walt. 

11.   Humphrey  Rapt!*. 

7-  Thomaa  TrUord. 

x.  Thoiuaa  Tredaold. 

TO(V  Tranrverae  Section  of  the  P.  >. 
piua  at  Arnrentum,  folio  alaa,  U.  dat. 

•Ing  aaC^nlivaal 
»r.|.U"l.  lanrc  aue.  a»,  6*1. 

DM.  Mr.  <  h.rfin'.  larrr  Uthognplatd  1 
don   and    lllrmmgham     Hallway    Eulranca 

I !"ii  Suti-.m,  :>.. 


239. 
Fine  Urgti  print,  b: 
SHEER   DRAUGHT   OF    HER  MAJESTY'S    STEAM 

WAR  "MEDEA," 

BaOl  liy  Oliver  Lang,  Eiq.  it  Woolwich  I  firrt  comuiandril  by  ("*|iuitt  It.  Amtin  in  like  _. 
for  nearly  four  yean,  uid  >incc  on  tin-  North  Vmttkaa  itaiion  by  CapUhi 


SHI] 


AitriiiTKcrru.vL   liiirary,  59,  mmi    iioi.itORN. 
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RING   FOR  PUBLICATION  IN  THE  COURSE  OF 
THE    YEAR    1840. 


240. 


IE   PUBLIC   WORKS   OF  THE   UNITED  STATES, 

TRLCTBD   BY   EMINENT   AMERICAN   ARCHITECTS    AND   ENGINEERS; 

if  Plan*,  Kh-valimia,  and  Srrlional  DcUih  of  ill  the  principal  Improvements  of  the  SIMM. 


By  WILLIAM  STRICKLAND.  Architect  «nd  Engineer. 
EDWARD   II.  BILL,  and  HENRY  K.  CAMPBELL.  Engineer*. 


THB    rOLLOVTISO    BU8JKCT*    ARK    rttKr-ARINa 

mi.  mill  faction  of  tin  Dak  ofiiio 

lt,«,  PhiMrlphis. 

*,  ami  i  Pi   Sl'am 

j    constructed   by    M.  \V.   Baldwin, 

Is, 

un,  ami  Section  Of  tba  itoublfl  Milts' 

iin-  BdmyDdD  Cud  ■■><   PlyaMQth, 


ion.  and  Sectioiui  of  the  Schuylkill 
n   the   Columbia    and    Philadelphia 

'rllll»>ll.llllll. 

mi.  ami  Sri-honii  of  a  Timber  Dam, 
idy  and  Heaver  Canal,  Ohio. 

m.  mill  Scctiunsof  tin-  I'uitijd  Sutra* 
adelphia. 

on.  anil  Sections    of  the   Schuilkill 
Bridge,  rinl.i.I.  Ipliia. 
""I  Sections  of  the  I'lnlailrlpliia 

on,  and  Sections  of  the  Philadelphia 

Ion,  ami   Bacttoa   "f  the  Slot* 

I  In-   S.-liinliill   Kimt  xi  I'lni-nU.illi-, 

lia. 

:ion,  and    Details   of  a   Locomotive 

rjne,  as  constructed  by  II.  R.  Canip- 

im,  ami  Srrlion  i.f  the  Philadelphia 
i.iin. 

ion,  and  Section!  of  a  Cat  Stone 
constructed  over  the  James  River, 
in   the    J  allies    Kivcr    and    Kanawha 

mi, 

:>«i,  and  Section  of  a  Canal  Bridge, 
mi.  and  Sections  of  the  Phfladdphil 

B. 

on,  and  Sections  of  the  Giranl  Col- 

phans,  Philadelphia. 

inn.    unil    Si-iiniii.   hi    (In-    I'.i'imi.nnl 

iladclphia. 

on,  and  Sections  of  the  Philadelphia 

I.  a  Map  of  iu  location, 
in,  and  Details  of  an  Unproved  1 
)ay   ami    Ktebi    Passenger   Car,   as 
uui     if  the   Railroads  in  the    I 


PliB,  Elevation,  and  Section*  of  Die  I'nited  States' 

I    \.;,;umi.  MB  Philadelphia. 
Plan  of  tin  Aipi.-diii  I  user  ihe  Allegheny  Bh 
PilUlniry.  Pennsylvania. 

Plan,  Blevatioo,  ami  Seettoni  of  a 

uith  improved  gates,  Sandy  and  Beaver  Canal, 

I  Hun. 

Plan,  Elevation,   and   faction  of  the   E\change 

iir>  al  New  York. 
Plan,  nictation,  and  Sections  of  the  Eastern  Pun- 

tcntiary  at  Philadelphia. 
Plan  nf  the  Rescnnir    Mound    and    (ialra,    with 

:..i.ii  tin-  siiuiikiil  canal,  near  PoitsMii.-. 

PennkvUuniii. 

"rlrrtillM  of  aCulSlone  A,|ue- 

duet  being  constructed  on  the  line  of  (I 

York  Water-works. 
Plan,  Elevation,  and  Details  of  the  Tray  and  Sara- 
toga  Vimiu,  i    ,:i.|  innw  constructed  out  n. 

Hudson  H  I  <irk. 

Plan,  Elevation,  and  Sections  of  the  Under  over 

tin-  Delaware  River  al  Trenton,  New  J.  | 
I'liin,    Elevation,    and    Seetioni  it  »    StOM    and 

limber  lUiek,  a>  constructed  on  n 

Canal.  Pennsylvania. 
Plan  and  Details  of  a  Hudson  Riser  Steam  Unal 

for  Pruwengers. 
Plan  and  Detail*  of  the  Delaware  Break  staler  at 

the  entrance  into  the  Hay  of  Delaware. 

In-  Timlii-r  Dam  constructed  across  lite 

Swatara  Iniou  Canal,  Pennsylvania. 
Plan,  Elevation,  and  Section  of  the  Stone  Viaduct 

at  the  "  Horse  Shoe  Bend,"  Allegheny  Portage 

Railroad.  Pennsylvania. 
Plan  of  a  Himh-u  Car  Midi    Kii-lii  W  heel*,  a*  turd 

on  tin    l'iiur.il..iiiia  Railroad. 
Plan,  Elevation,  and  Sectiona  a  tag  Path 

Bridge,  constructed  over  the  Schuylkill  River  at 

Manayunk.  Pennsylvania. 
Plan,   Elrvatinii.  and   Sections    of  a 

Lock,  as  constructed  n.   :<,.■   X.iitin-kj  River, 

Kentucky. 
Plan  and  DeUils  of  a  Floating  Dry  Dock,  now  ha 

use  on  the  Missc 

1  levatioii,  and  Sections  nf  a  Timber  Bridge, 

a*  constructed  hi  <  Sol   :-    ll.l^ag. 


- 
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OUe  i 
PIu  of  •  Lock  of  30  fcrt   tin,  ranstrad* 
Lehigh  L'uitl,  PtemuytvM 


lUils  nted  In 
Ikr 
Pho.   EJnalieaa,  and    Section?-  of  •  Cfc 
A.;  I  on  the  CtMaaP 

11m-  Plata  a .11  '»•  in;;r_M-cl  liv  Mr.  Jonx  Lk  Kecx  in  hi»  beat  Mylr,  and  tu  be  told  in 

Diritiuna  of  A.  an, 

i  <  rhaaieal  Engineaateg, 

(. .  < 

To  be  pubtiiln  '  rnaaritl  folio  paper,  in  Parti  •  t  faottl  l«y  a  particular 

ica  XI.  in  Kiiglam'  -iitat. 


Ml. 

THE    PUBLIC    WORKS   OF   GREAT   BRITAIN, 

VOL.  II. 

To  lie  ii>ii.ri->i.  .i  in  Part*  of  20  Plate*,  eiurravnl  b)  Mr.  JoKN  La  Kecx  ami 

'  ■  to  be  faced  liv  a  pirticiil.ir  I'i  •'  ripiiiin  <.f  Hi.-  SiiIiji-iI.      I'm-.-  £\ .  each  l'a 

The  following  ore  »ome  of  the  rery  Importaut  »ubjcct5  chosen  from  the  highly 
Grorrr  l.i-iuiiir,  Bar,.,  1 .1  ..  mi  : 


c*»<   iim   Aaoedaci   o*tf  «h»  iu»«  Odd*  »t  Stanley 

Perry,  near  Wakefield. 
Goolf  Docka  anil  Loci.. 
Oooll    Lark  Citr»,    wiili   tlif  marhinrirr  far  opening  and 

... 

•  >l  PriJ«». 

Air*  an. I  I 

— ^^—^^^  II 

Ctlte  N«»iration,  from 
! .  ■  'juolc 

Canal  ai  Verryhndc*. 

Do.  do.  from   aYrryhridg*  to  licola,  altli 

'  ■■--* «  •<  ll"  lull  i  i  1 

i lie  Canals.  »irli  riic 
•idc  waUa,  a<-. 
Twoaaajni'lea  r4l^wk«. — a  Hood  t.orkanda  I' all  l**ck. 
"l«r* — one  aquare,  another  aafca-ar. 


Ath-... 

A   .  ilea,  b*4o| 

Iru-allj 

li    acting  I  loujh.   anil    rvawinr 

mil  Anrrinr.,  r>«vca  and  >i. 

inil  ..::..    li  .i..,...ik rtud  I 

M  ii  u- :.  r    llndge,  Lcerla. 

nridf*. 

'.  I'l'trn  Briilkf.  Lceda. 

Clotl'a  Briilir.  I^kIi. 

rii.n|,  1 1 _. ■  i  si  Waterloo  HrM>»,  iwarl 

•  .I  IU.lv.aj. 

■'Hilar. 

I'o. 

sr»  I  .i  imaum. 

Noelou,  Ac-  Pfalnayi. 


'I'hi i ill  form  50  wcn-oecu]iifil  Plat**. 

incyra,  are  also  in  rarejairation. 


si.  Kalherlnr'.  llocka— Form  of  Shoe*  u.e.1  for  flaj  rilea 
r-.lain. 

Form  of  Shoaa  uard   l..r  Sliratinpr 

M .. 

Allotment  for  Xalwl  nudge. 

IK«k  flale.. 

Plant  of  Coffrr-.l  .-■ 

— ^— ^— ^— —  '.dun. 

'IYii..  of  th#  JUiol  inrr  Eli*   Long   lloom,  ('uatom   House, 
.  ;.in. 

■■ir.n'a  Wharf.  Cardiff. 
Taff  Vale  Rail- 
Pug   Mill.    Srr..»    Jar..,    Wa.fl     riamraa.    tlraar    (rain. 
Tram  I 

Blidtl  ""  thr  Crafu]  Surrey  Canal. 

I  i 

O.nrrrnr  lor  Balloisr  tlringe    a/roaa    the  Hirer 


inal. 


I  rane. 
-^^^— ^— ^~  Wlnrb.  rininn  Wneel,  I 
^^^^^^^—  TOtin 
— — •^^—^—  luiiff  Baain,  Maaoarr  « 



^ —  HeJlnw-  Quoin  of  (Torrance  | 

\.i..l  H'Kf»  -Slia.  I 

Oiunierfori.,  I 

1 1 

I  mmdrf  '  --.nea. 
Flan  and  McvUua  of  to*  <rtr«l  Saa    Jock  I 
Luaiaaliun. 

k  L«k  Otic 
an    ocfrr  and    lnnr# 
I  im  liouaa,  u>aaioa\* 
Outfall  incraf  Caclfi*  Caalaa. 

I    ri»il». 
Bllilgf  .  ,U  Cardifl  lni>, 

i  aaal. 

WU.rf.   Uhojo, 


ARCillTKCTl-RAl.    I.IIIUAKV,    59,    HIGH    IIOI.IIOUN. 
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949, 
In  8vo..  with  Plate.,  a  Second  Edition  of 

ON   LOCOMOTIVE  ENGJ 
UPON    RAILWAYS] 


PRACTICAL 


— « 


n,  the  mode  of  acting,  am  .1   ;  In*  b* 

■nrral  ln«|iei •• 

it<  Anil  in  dinVreni   I"  ■   proporiionl 

iiikIiI  lo  lir  ailn|ili'il  ill  III  "ll«r  »■  i'-JOTSC  I 

v  Owning  at  one- 
t:  rot-sin  ii    vi'iin    a    cheat  m-  >  himcms    made  on  a  large    Hak 

rpooland  Manchi  .i>,  witli  dSfferru!  im  nf 

-«.     TV>  wlii.-li  it  mlilnl,  an  Ai'i'isnix,  .Im.'.i.,-:  the  e»|   n -.-  ni  ,i 

itives  on  Railroads. 

By  OOMTB  P.  M.  G.  DK  PAMBOUR. 


243. 

A  New  Edition,  with  Ukn-nii,  K»q.,  C.E..  f.KS. 

PRACTICAL   ESSAYS  ON   MILL-WORK  AM)  OTHER 
MACHINERY. 

Troth  of  Wheels,  the  Shafts.  Gudgenni,  ami  Journals  of  tin 
md  n-cngaglng  Machinery    ii 

1'i.uuiiig  iJ      '  -..mou*  usrfal 

By  ROBEKT  Hiniw  w,   r,, 
Xotea  and  Additional  Article-*.  COntthting  now  Rcscarchc*  On  various  Mechanical  Subjects, 
ItEDGOLD.  Civil  Engl 
Illustrated  by  Plain  and  amiirmui  Figure*.    2  toll.  Hvo. 


.  ••.  ii. 


244. 

Itu.,  Price  XI.  la.    Corrected  and  enlarged. 

THE  CARPENTER'S  NEW  GUIDE. 

."I    (mini  mii    Practical  Oft 

hr»  of  even  ill  ■  .i .  | .1 1. .. ..  SKi  lighl 

ilgn 
in.  In  :  ilculatiotn  on  the  Strength  of  Tiwl 


845. 

Edition,  Improved  and  enlarged.    8vo,,  Price  12».  hoards. 

IIACTICAI.   ESSAY    ON    THE   STRENGTH   OF  CAST   IRON 
AND   OTI1EK    MKTAI 

■I  for  the  A  •alliance  of  Engineer*.  Iran-Mailers.   MillwrigM*.  Arradttcsa,  Foaadera,  Si 
■ngagtid  in   ill-  Coaatrw  CoaUtang  Practiral 

iiml    I  .         .  .  .         .  muc  Table  of  I  lie 

icj  of  Malcnal>.     Illustrated  I"   Bight  PI 

By  THOMAS  TXEDGOLD,  Civil  Eaginetr. 


1.1  «»■,  *• 


SSSUED  AT  Tilt  < TiVMI  NCEMEST  OF  THE  PRESENT  YEAR,   AND  MAY  RK 
HAD,  WITH  THIS  SUPPLEMENT,  8RAT1 


243. 


Tin  Pdblic  Works  of  the  UxittD  States  of  Ami  hi. -..,  in  hnpei,  0  wry 

fiuc   plates,  cngrnvtsl  by  Mr.  John    I.c   K.tix,   in   the   MM  tii*  »it, 

from  Drawings  nedallj  ma«lc  for  thin  Work  bj   the  l-'-.l ii ■  i --.  \'.  jn    t  •  icVlnml, 
C.K..  Bdmrd  H.  OflJ,  C.K.,  nn,l  Henry  R.  Campbell,  C.K..   I 

Philadelphia,  U.S.     P«rt  2  b  in  jirvpnnui.'n.  and  will   ;■■    fnwlilun  hi    Dt- 
c«iil>cr,  in             •  hmM  to  eoBoaoe  the  pruSHfartnn  tn  I'aitm  1 1 

intamu,  of  neb  ■object!  of  (                                        •  i  i  •.   uuli 

An-liid .  ciiiu'.  us  «ill  dosbtMMljf  be  of  the  utmost  interval  :•■  i'«*iona) 
men  in  Europe.     Part  I,  pried  20*,  contain*: — 


I 
1.  Frail  Klxmli.i, 

«in <.f«. 

i.  w.-  n, .u,  ..r  mo,  with 

•■nn*  il 
J.    Dl.cr.lm  i.(  it,,    I'lill.il.  I,.!,!,  il..  W  .,! 

4.  n>.«ll..i 

„        .    .1 


M 

*  l'iw< 

7. 


I    ;, 

l.lik    U  .11 
ft  Mid  HI     I'l 

rip 

!M|.   |"||„  .. 
.1  Wl 

I  ■,,!.#,    I     I 


lik,    W»lcr     l>l|tn. 

■ 

i.   .Work*,  Qi 

.1    \\.ll,   U    i.',,  I.    I   mii.I.h-    f    l'.|.i/. 
II 

< 

..    i  FM f 

hi  I 


,  ..f  .Hill.. 


1    IHum, 

Mid  Mil.-  Mr*  .if  (...  Mfin 

-■      i 
I*.  I'lin  oHht  It,,-..  . 

I.U.UL.  ■)■ 
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GEOLOGICAL  MAP  OF  CENTRAL  AND  UK:  i  UOI'K. 
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■J4(i. 
Four  Platea.    Third  Edition,  Price  *#.  board*. 

A  TREATISE  ON    MILLS; 

1      PUB  Parts.     Pol  First,  on  Circular  Motion;  Put  Second,  on  1 1 ■ . 

id!)  of  Effluent  Waleri  Part  IWth,  Expenrnc 
uter- w  bed 

By  JollN   UWhS,  Lectureron  Experimental  r"hilm<i|il.;. 


•247. 
In  In  imi  and  lithographed  la  lb*  1m<  «t)lr. 

MR,  HOPPER'S   DESIGNS   FOB  THE  NEW   HOUSES  Ol 

PARLIAMENT. 

"ig  of  Plaua,  Elevations,  and  Pcr»|.  I  of  the  Interim.     "nl;  a  limited  numb**  1 

printed. 


MS. 
Knvia  miuu  ok  t'AMansonm  m  oca  tkataox  rcsuoa. 

(^w«  •/  .frnHftalwi  earf  /"naltc  »«•**.) 

AN  ARCHITECT  and  ENGINEER'S  JOURNAL, 

Edited  by  CrTSAR  DALY,  Architect. 
Goology,  StcTeoteooy,  Macblaery.  Mammus.  Pmate  llnuwj,  Arrieiiltarnl  M 

<  arpenlry.  Iron-work.  Qardi 

Decor.  Roads,  Bridges,  Canali,  Public  Wotia,  dec. 

Bach  aiimker  of  this  Journal  U  arranged  under  four  distinct  heads,  //iafaty.  Tktory.  Prmettt 
Mttrilmi*.     The  trsl  comprises  etrry  thin*  relating  to  Architectural  An 
rotunsta  of  Memoirs  entirety  theoretic,  lelaliaaj  to  Ik*  different  branches  of  fV . 
iafi  tho  (bird  contain*  prartiral  Guars  on  the  diaTmnl  Elemrals  of  Ilia  UiuMm 

Gaginrcrm.'  prinri|>al  Public  Work*  and  Archil  'I'rtakmga 

la  tin;  two  t  i   Miscellanies,  con 

aected  with  Ibc  «itijr<t.  treated  in  llie  Jotaraal  iaa  in  the  Vt 

Sham  in  Public  Moris,   Ii'.  ■  ■<  Sea  I'aUtu  \c.     TV  Jomal  llnu  aildresaea  i 

th*  aaaac  limr  to  Jretilrtn  and  t:»jmr*rt.  aha  will  and  .n  it  lh*  fruit*  ol  aanl  I 

lions  of  men  my  eralnrat  ia  their  lUfTrrrnl  depart mrnla.  ami  a-.ll  b|  apprised  of  all 
anil  diseertrries,  c\|xnuir»U  aad   pnhli.-aimm,  conaccted   with   llif  art   of  Initialing:  to  . 

II  I  I  Mt;.  nit  uuestmaa,  which  raja  .se.ll.fal.na. 

I'royrtrlim,  who  | 
fiirnif  rliane  and  Kural  Building*.     A  regular! 

haa  beta  nlaMnbrd  will'  i>  and  Engineers  ia  Bump, land  LoMrkaV 

Tlia   Wstl    »-U    '*■  ewbliahrtl    M.n.H.I . .    la   HMD    fali".  ''■'  <■•• a,    *rtth    lieauliful 

eipmaly  tut  th*  purpose,  on  line  salU  Ihc  flrn  printer*,  ia  I'aria.     Bach  N 

44  colwsnns,  with  oumrrow  bcautlp  I  wood-essta,  at.  (par  cu 

aUkcfrapha  pruned  la  colours. 

COHTKKT*  Or   XO.    I. 

tirrmootiCTMiN,  par  M.  I'cW  Mr.  iktaaxa  et  dc   lean  drier*  empto! 

Arehstertur*  flysantinr,  par  M.  Polonrcau.  fayrtt.  Jir.  dn  /W.  ri 

Attsrit  Lenoir*.— Muse*  tustacvan*  d'.Vrchltcc-  —Notice  sar  let  Cofutrurlsaaa  en  Hriquat 

tar*.  per  M.  Tounaai.  da  Mali  de  la  Rustic,  par  M.  Poticr.  Litm 

T.m'n.i.      I>ra  |v>ata  Sarpradu..  par  M.  A.  A.  *w  UMt  ra  torn*. 

Boudaot.  -HIMaoaraplii*!    CoaipUwRaaa 

PbATI  '    a  tor  aa  ■imraaaj  STttrarm  de  Btr*  d*  M.  T*it»er*nr  Mir  Wt  fruaaa 

-rpeate  ra  bolt  *l  *a  fcr.  par  M.  Camilla  en  Delgiaae  et  lea  Cbeaaina  u>  <er  ra 

Palaaraaa— Pont  aur  Jaaaea-Kiti-r,  a  Kachiuoad.  par  M.  C.  D.~  Norvaixs.  .—la  Tow 

•n    Vargtni*,  par   M.   M  I  (.<»ab*r.— Doa  Tantia.,  ,*r  M.  Polooceau.— , 

I'aria,  I'At'ii*  rr  lUraai. ;  I  •xnlim.  WaVaU. 

*.*  Onh-n  Wbulrtal*  or  Retail  neeatad  aad  ami  to  any  part  .,1  i  l,r  S\  urliL 


raisirn  »»   «.  ttvtiHM,  ttixt."*  »t»»  WTO,  aw^-w  -u>  «»a. 


man  l*<,  isio. 

SUPPLEMENTARY   ARTICLES 
ro 
MR.  WEALED  CATALOGUE  LIST  OF  HIS  PUBLICATIONS 

ox 

ARCHITECTURE,    ENGINEERING, 

ARTS    ANO    MANUFACTURES. 

ISSUED  AT  THE  COMMENCEMENT  OF  THE  PRESENT  YEAR,  AND  MAY   F 
HAD,  WITH  THIS  SUPPLEMENT,  ORATtS. 
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l'riu.ii- NS'uiiK',  hi  !]..  r-.Min  Stash  of  Amimim  i.    ,.  imperial  (olio,  SO  i 
Sm  dates,  engraved  by  Mr.  John  Le  Rons,  in  the  be*  111   trl 

from  Drawing*  Rwciallv  innrlc  for  thin  Work  l.v  (lie  K.liiw-.  W  I 
C.B.,  Edward  H.  ('Jill.  CI1:.,  and   Henry  R.  Campbell,  I   I  .  oi 

Philadelphia.  VS.     Rail  2  II  in  prepiiruti'iri.   iiml  wi|  in    Dc- 

ecniixT, ; . i : •  1  it  i -  1 1 1 1 .  i . . l c  ■  i  t.  iJn-  puHicatJon  m  Partav  at  eennmianl 

ini-  ■    i  •  il    iiml   Meafaaoical  with 

Architecture,  m  will  dovbtbaalj  l»-  of  tba.  BtmoM  intorert  to  all  prof. iuit>iinl 
men  in  Bbtom     Pari  1(  ] -i i.i-  20c,  contain: — 


mot  Etovalkm  of  the  TTillail»l|.h)a  Out  Wmlu. 
»uh  toint  opuil  ■  f  r ii.-  n..r., 
8.  WV.I.-IU    ll.lf     :  itinlU    .if   ditto,   with 

«iinru.'t.,n  .  ' 

3.  tH.Rt.i I  Hi..  I'liih.t. 

il.,   IH.Iraulli- 

\!       ..        I 

6.  Section   if   i 

...  i  ..■  ■       .r  rm- 

7.  Top   »<•■    i  I  'iik.    Water    Pipe*. 

•Ttriret  l'i|»,  - 
n.  Clmtinii  "i  i.  ••  in» mi  anil  I 

i  ...i  w«ii.  »<-. 
•(  mi rihrPlill«.tclphUr,MWoik»,  I il.. 

VV.il.  '  Pint  -,   :  .■  Wi  I  ■  hill  n-  t  Pipe. 

Ing  !  I ..... .     II'  i'i.  -      ii.  Inn  Pipe*. 

Dip  i'ip...   Bridi  ■  •  I' 

m^iii'L-  V"i\  roi   i      II .i 

II.  Side  ami    ll.iiil  Vl,  i    i.f  I  "Ii.l  I'i 

rum.i. 
ileum  l'l|H..  Itil.'ll.  .'.  •    . 


I'Uln. 

I».  Pn.ni    '.i.  ■   "I  DM    Meter.   Dial    l>nim.   limmoi, 

1.1.  Ini.   mil    HIi  i     •.  i  \le»    l»r 

«  i.nrr.  Hi  ill 
It.  plan  ,.r  ill.  i  >Min,  mw 

..  ,,. .1      .       ,     i 

Plan    i.f  Mini  i  •     ■  ■  ,„  s.,. 

linn  nil    nli,  - 
■  ■f     ".lii'l'ii'iil      M 

13    I'lan  ,,i  ihi  null  .  .        ,  i  .  ma),  n 

Plv Hi.  I  Ii 

111.    Kkialiun    nf 

.\  .• 

17-  Trl  iTiffiilal f  lit 

lawar*.  evlitlilfinj  II 


mi.l   >» 
lit,  V. 
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■;-: 


Hi    Map  ..I    tin    I'I..:  l,.  m<W  at* 

fret  loan  null. 
II>-    I'lnn    f.n     I V.     I.    ,  Mli  n 

■■"•   i"i'  % i    •in.i »  ."I  <  ii--.  •'■      .i   nil.- 


250. 
GEOLOGICAL  MAP  OF  CENTRAL  AND  WESTERN  BTJBOPB, 

It  IfObwrveii  by  Mr  John    H<    -  In '   lh»l    *'  fJfrikif  y.  in  th#  ma\CTiiiu.l.-   mil   mMlmiri  "f  it.,    ■itu.    i.  ..r  -  , 

lii«l*.   umloubift'l*    i*i. k«,  in  i In      •  il<    mi    ti.<  ii.  ■(     i.    Ucroti |  ■>>..  i.»a,   ii*  ItraffM* 

dcftcmtiuft  thr  .■•ittii.iiil  >•  ■■(  itUctsaCkniacavrrirrton  for  tajrea."      |l)li 

n.  JH7.»     Ttat  th»  ImpoiUnce  which    ■   IimL  lu  ihi     tXvu    )■«■.....  lo  lh)  >      mm.*  to  fa* 

«n»t*lly  JU'ltimw'.  il.r.l,    ii  .  .ii...       h>    il..     i  ••  .1    .m. mi.. i.    -I 

Il  !„!,■  in  001    i I     ii  iilmt 

ami    i>rai'1M«l   '«  »<  <»•'    ■'  ]■ -      Ihw  PimuJl        -I    Iiulu  >|i  • .      SflMcultmr.    Iho  «rl   uf  I  -     .1.4    flflltl, 

I'aniaU,  ai.'i  W#IU.  Mllllutf.  Uu.)ilU.*((  ill  .W|-i,.l  |'..i  t\\r\t  »U>  i**-ful  (nn.ull  n| .   >i^m4 

in  *uch  oprniiiniia.  .  '  i4  m 

litluroof  I  lie  lOlUW  •  *  ■-    ..-.)■» L  lit 

Ukw  moM  lUUtd  ...1.    uul  upuii  mill  a  kno 

(kUun  ■>'  ill*'.    11 i|  }'"■  ■'■ 1  lb*    iiitlni.t.  .  ,,1  \t„ 

OLpenar"  lo  U    ll.,  ilt'.n.       Il>< r..l  1         ■       .  1  ml  «fi 

fo*  •#••"  thu-» brciii'  «"^  |"'   mil  lin| 

**  «dl-ibfutin*4  n..  a   iiu  •BlurHml  mut  .h   ir*  |W 
nn>'(  tiin|.l.    .ii'l..    1     hi     1                                                                                  ■■■'    •'    '■'  «r    "'                                   '  '  Navn 
obacf'*-*  »»h    iuIDcUmI    *>•.!  ">    He,    UIMl    ilOla-d    ■  .    ibuniUhl,    ami    iii.nv    ..1  Hi-                                                 ... ..Ma^ttiW 
Mi,,,:  1  bql                                                         ■  i»tM  [MifHon  1                         hi  irfht.  nvJ  1 
I-,  1 1 1.,  lh.    uh«< .n*  which  ill* J  (TtKiit  111  lA.iiin  ■ 

froa.  oof  mioil»f.    «••  cliv  **U*t  •  I  •  knu^l   ',-.  ■•'  n..   t ...:.,,.  ,,1    .. 

a  iiortVun,  «  rl  «"* .  "'  H"    "  "    ' 

(xniHlilt  .  ••!  1  ii  •!   1'iosimll).    <>r    by    Mi  •   ...  ■  <>r  lh« 

ini|HirU!ic«  aui' I  ini.  1.  <i  » liU'h  1  hi.»  U-...inv>  alUrhcd   to  the  tomjaraliNT  Gc<4k«j)  >4  \U>  1  iui.liU»  n(  lantiiJ  wo 


mr.  wbals's  amnMomaa  lint. 

■Mm  Europe.  *'■  W.Ai.r  haa  tot  aoat*  Una*  part  barn  en«»r»l  to  Hit  prraaatatlaa,  under  «onpMMU 

KoS»n..-.or  .Utt-r.r   i M.e  of 

KNOLXND.  W»H\    SCOTLAND,  IRatlArTD.  laUNCI.  OK  Hal  I 
HWITZSRi  '••!•     IWD  PORTIONS  Of  II 

and  or  int  kwn  rnmiAM  states. 

without anterior  loin  an enumeration  of  til  the  »uihorttlr«  which  hare  been  onuulul  I*  the  preperai  ion  nt  awa*, 
a  Map.  I!  «ill  I-  luHldmt  here  t»  .let.  that  II  to  baaed  upon  lh»  oIlaMNellOlla  of  Ihr 

roraum  r*oioitw«,  «il  Include,  in  .1  .lijr.ir.1  fntni  Hi"  i'ii'-i  rnvii  of  ih-w  labour.     The  ud>  of  the  Map  u  » 
,,,1,...  dinvrnalon.  which  unlta  10  con.mlmcc  f.,r  i.r.i.n..  th»  prartlrahiiit,  „f  1  „,ia.  .urrii  le.iil|t 


■oil  Irvcludra  in  a  dip-led    form  the  mo.!  iccinil  of  Ih.lr  Labour  a.      (tie  .ir.    of  the    Mer>   ■■   u 

lt»me«,  dlmrnalon.  which  unlta  lo  cwnrrnleota  fur   1.  r.  ..11. .    ihe  praetlrahllltj  uf  •  erale  aaaenctrMty 

lerre  »' admit   nf  the  inwiilou     ■  <  »H  "»    ni Important  ircolorliul  mil  <raer»prural  fntm. 


daflnaalrd.     lu  order  10  lander  II  4*  murJi  aa  pneelblr  an  .%1dblli.ni  of  Ike  1'l.MI  l-,™n,  aa  well  aa  ike  I 

h  namra  not  only  of  Ihr  larrer  mcrt.  bul  alainf  ;  n.  M  nil  aotowllnii 

ban  baao  ItMerteAl  and  partleular  alknilloii  ha«  barn  ffleen  lo  the  mrrm  Indication  of  the  nulurrtree  . 
•nil  chain,  which  f.inn  part,  .if  Ihe  inououln  eyetcn.i  of  llrluin.  ••ranee,  tlcrmany.  iwlteeilaiid.  and    Hal*.     Tni 
nad  iit  Ih*  hojhrr  eummlre  nf  each  ..!  11. ■  ibrtaetal 

|,h;,  .1  ..  nd  aa  arnlrariral  feature*  of  the  eoinurlee  raaircacafata.  Ihr   Map  u  well  eaWlalaa  lo  dm 


■.•afta  of  them. 

Tha  Map  to  hiqilumrlT  1 

■ocorduior  wild  the  1*0*1 


Th*  Map  to  hjndwmtlT  rfnn4  on  atari .  Mid  the  varloui  railoclcal  formatlnna  will  be  beautlf***  caaVnraal  kl 
-  aj  adopted  in  lb.  muei  irMI  aKirfce  of  Eii«llill  feadofiate  of  vnliKiK*. 


In  alux*.  coloured,  31b.     Mounted  on  rollrre.  AM »e.     In  a  tear  fur  lb.  library.  £l  U. 
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Paper*  on  laWX  avail  Steel,   Practical  niid  Bspcriraental,  with  oopiou«  illiutntira 
w***,  bjr 

David  Musiirt,  Kmj. 

Honorary  Afemttr  <tf  Ikti   (ituUnjitiJ,  ami  lie  Quebec  Literary  /hM/ 

Sceietit* ;  of  tkr  liutituliau  of  <  neert  vf  I  7r>M 

Member  of  thr-  Wtrntrinn  Natural  f/ittorj/Srrir.y,  Edinburgh.  \-»rf~i-  niul  r 

ti.uil  Mvii  vnlinni',  wtd  .>r-i-.-,-,;/  pfal •/,  in  CttVlfl  BUi  IpOl  i/«,  ptite  ll  IQt, 


•  11,   11.  !i  .1   hu   r.nl.o  touolri  »uh  1  do.ov.rr.  »Mrh  u  ln\«lu«blr,i  he  luw  -i.n*d  %j  p«llr«|  1 

ni.,.li<«iki.i  111  ...ilinnllw  pro]»il«..  of  inln.  •«)..  ih.  mnj  kruorunl  10  .mr  n.ikiiv.1  |.l.-t" 

liai  llio.|  Ihrctoaml  prlndpla  of  iirmllun  In  «ll  mallera  fruKiiu]  lo  -lie  manufacture  irf  lion  and  Ma«l.     II  1., 

to  any  one  who  even  carrle— If  rWli«1i  upon  Ifetfybkxi,  thai  Ihc  pnaduotl if  Iron  frulli  Iheruaauaanal 

lhapana  In  inaaaaaof  lron«on.,  rxiiaciiia  a  »iftualln«  piamlli  of  lb»  01*  aouthl  10  la  ealnrlrrl, 
■MD  a  chainUial  aimcy.  and  lb.r»forc  u|«u  a  kmualrder  of  combinallon  and  dkulullon.  ahlrh  caa 
ajulrad  by  re|irale<l  •  •  1  nallun.    ami    demand!  a  knowlolf  of  piMtjaaf 

.bo  allalrwd  by  a  aVarlopmrm  of  lla  prlnetnlra.  In  fan.  by  a  lUaconry  ;bn  nxch  art  of  naturVa  arft  vi 

iur»  of  Iron,  Hwrefnre.  ib#  roatrrlala  uaad.  the  rompooral  pana  of  ih«  In*. 

upon  Hit  quality  of  eaM-irun,  Uaa  11—  of  llmeabaie  a>  a  ekranaor  of  aarlhr  mlaiuraa,  an  . 

producaal  by  Iha  nature.  cutnprevMou.  and  vclorllf  "f  I  he  Waal :  lh«  romparatir.  merit, 

vary  coawlrucUon  of  lh«  MM-Nrntir  llavir,  Hie--  and  a  thooaaaj  oUire  ranlflcalaina  of  Hie  .uhww.  raiaet  be  laa 
Uarlllrnal-  and  analnua  ihrnua  for  pnlbjaophical  enquiry.     InWaa  one  ihould  he  « ell  aerpjaU  ' 
abaracbar  of  Iha  mineral  rellca  r-    .  N«oin  of  ihc  oanb,  the  aalent  and  henefli  ,.r  Mr,  Vn  ■' 

aaa  haidly  bo  appreciate*!.      To  arrive  al  ~imelhlru;  like  ilcBnllc  teioia.  ,|r finite  pnnel|,'i 

MaakteraMhu h  U  l    Hoffi   .     ..... .  *....  bl ukdla  lit  I  be  bar  to   ■    ufaMfllbavE  »ik. 

aaaaful    aad  «at  II  11  nw  riiraui.lii.irf  1)1.1  of  ihe  manv  Iron  nia<en,  who  are  dailv  rcanuat  tto  tiaafli  .  1 
lliaanliii,  aabpthu  bla  nomea.laiure,  llTine  uimi  lila  •uueatluaa,  anil  rroamj  rkh  bj  hia  .  . 

"    three  »ho  have  any  e«i  iu«h  arqualntaner  allb  Iha  artmrr.     Tlw  Mpm  miiawd  m  tb 

4aa»rbefiireiaa,  ronijielveil.    1.    ..!i   ••'  '  IH.  value  .vf  them  u  eat 

IgDwraMlll  V>a  inatanr. 

melilna  of  Ira.  aaa  tabe.  of  11.  eaVrt..    BaaMaa.  ■ 
of  all  llie  roala  <oua4  In  the  area!  eaal  aWtVtt  raf ItaakaM. 
re  of  11. m  pre. ail.  1    an  ai.ilvvH  jm-'It  aaarrtbad  uy  Ita  author  aa  -  ratae*ai«*  ■ 

■  ■billil  |iaiallrl.'  and  are  may  add,  nf  ln.alciil.i  1 r  national  pruHarlly.      TugtaVaa 

■aaa  of  aattlaaVa. 
■wa.aaa7at<aD 


•  1.1..1.M,,  ■ 


'i.i  fallf-e  aodi  nr  nccaaioaj.  In  lila  erperlmenli  upon  Ih.  ■hrtnkafta  and  eaivibaow  of  4 

Vr.Miod.lpi.  .  raphar  atrvni" 


Mr.  Muvrvrl  praam 
ear*,  taaa  aenaaawai  ant* 

Hi ..'ll  •"  .   ••!... f  nil 


■  naajlhlf  a  file  In  aintrr.  n.  '     drrrec  of  ahlirrlne.     AUaua  lla 

■  iff.  an.l  I  1.1  Per.plraUon  had  baaorae  ao  viuleat,  aa  u  aaaw 

•a KM.  breavhe..  and  abakuiira,     The  "orkiiien  -:.,.  vanlnl  the  metal  |irraplra*l  Hi  eaaak  1 

raaaaaat  aaaowrl  tlvait  laraeaacklli.  lro»K-'.  aa  If  Ilwj    had    been    a.*k..|    ,«  .air..     The  m.iUluir  ran  >n  aorh  Iik 
raaaalroai  lb.il  fare*  •nrl  aim.  aa  ■■•  1.  ..p.«i  lb*  healed  mouMa.     Thru  etap  aoat  aeraaa  arata 


borl Ira  aare  unr 


aaa  amia|>.'  Wrwl,  and  ihr  •meaiaii  ...re  their  beat... 

fa*)  laaWaaTaa  a  I  real  dearer.  Tan  men  p.rfornie.1  ih.  whole  laiawr  aaf  poattnaT  1  ao  that  rath  of  lhaaa  la  it  ml 

owrlaa  kaM •  1  '  'W.  In  hand  ladle*,  from  *■  b>  *•                           >,,«.    The  apare  aana  t»r 

r*.h  iIom,  Ih.  return  -I.  »».  nearly  IKJfart,  or  fully  equal,  upon  tna  abata  travail 

baaffaKriitUkrall.  tie,  metal  Ineluarrl.  arrlcblnf  IH  tnHmbv US 

ear  the  ram  laainaeaat.  •  I  .prtaf  wair.  at  one  drauahl.  .I.«ti  I  e^leaaalaala 

a..r..,                           1  Ihe  Jrteaat  1  ■  .•-  ■  I..  In.  d.  ,.     VI  ta.iL1r.aat  vaaCnlaavl  I  *" 


an,.    •.■.!    ".    —wr'mw  '        .™—-—«,  ■  -,-..  .     .«    —  ,.^  .-.,..... .^ ,.  ■    b.i>i  ..,  hi  j  n.ini    •■  iim  a    i«faat  aaa. ■■a^Ba^BaV 
Wa  muat  aMiiiba.  ihr  llinvrry  ••!  ihr  llla.ki-v.1,  ...  \i.,i.n  ,.  .ii.ntnl  to  above,  aa  oaa  aaalaaaayaBaaaT 

raaavr  e/ the  aaaa.1  aaVanlaafea  axleeal  term  ¥r    HvJhIi  reaearilir.  in   th»  ...unlry  al  tarre,  aad  f.a  -lo.h  r_  iTT 
ramaili  ..  4.—M  he  raarafull  ..III  frallluaW  of  Ihr  t-raeeil  a»..Tag! 


In  atiifr  thai  BVa|  ba  navale-frd  t 

■ad  w  no  hmJW  naiUAaiiA  tVa  itruwava  av* 

a/btoouta 


•  1 1  v  <  an  aivaaariic  aataa  xA  raa*  vaA 


•<  awh  are  ihe  conarfaw,  rlaraa  of  I— ih«  ika 

•'.«wry.  barllaVratka.iak.laat  WvW«^Z 

aaAvaakeaVM  V«<>t*WIO)l  aaa  Iran  taVMara.  aa,,  baya* 


MR.  whale's  supplementary  list. 


Sired  and  arc  itillderMng  *rcat  wraith  fr.m  rhl*  Imoortanr  dl*ro"rerr  i  ami  who.  In  the  «r'»"»  of  ftraieftil  awknow. 
gmcut.  hav<  l»    anrthv  of  a  crown  of  gold,  or  a  monumental  rmud  u|>on  the  .pot  wlw  re  the-JlKovny 

mu  tint  made.  [Preface  p.  avlL]  Thai  the  information  cuii'cyrd  thntughoul  the  pane*  of  ihu  »olume,  In  a  reg"*** 
ami  dlmCCd  fiirm.  will  \x  of  ciMiilukl  %ervlee  to  (he  world,  (>>  MMOUH0ng  the  manufacture  of  iron  upon  philo**)- 
phlral  and  correct  prim  i|»lt-*,  we.annot  for  a  moment  doubt.     The  work  will  bemmr  a  •  ( ..  and  we  tmat 

SJr.  Mu»hel  may  loaf  llw  to  en)oy  the  fame  hi*  hat  aemilrrd,  and  to  reap  the  harvrat  of  the  bm*  fit*  h*  ha*  umver- 
aally  dllYtunL"—  QU*H**ttnhtr»  C  ArvntnV,   ScpL  WT-,  1W0. 

252. 

Papers  on  Subjects  connected    with   the   Duties  op  thb  Coups  ok  Royal  En 
u inkers,  Vol.  IV.,  4to,  SO  plates*  extra  doth  bound*  1/  $$. 


CONTENTS. 


•dunning  of  t;huKiicc. 
Not**  on  Be  Wen  and  Verona. 

u  i  i  fnt  hr  aiing  Shot. 
Jttaam  Apparatus  for  drying  Powder. 
On  bl:i*Ilng  lloek. 
PftfcWCuf  Ihr  Itrdii*. 

On  Induing  Trnopa  In  Fortre****  al  thrir  alarm  Poat*. 
Well  at  Jrnry. 
Report  on  .\»ccuvon. 
Wait'*  Writ  at  Long  Uland. 

Companion  of  rnnvirt  and  Cull  1-ibnt.r  .ir  lUrmuda. 
boo  lUn.ftof  Morclmutti  at  Plymouth. 
iafely-Uux  for  connecting  Engine  with  Tialu. 


New  Weigh  llrldgc  in  Woolwich  Dockyard- 
Single  Cofferdam  in  MtlOi 

i»»f  mg  Omem  into  Uaky  Joint*  In  Maaoiu  ■ 

On  the  Employment  of  Sand  In  foundation*  In  Mar.hy 

or  .Soft  ••oil« 
•  ■•u    -ir  John  Burgoync  on  the  BWulngnf  II ■  -  fca, 
Improved  Crane*  manufactured  h*  the  llutterlry  t'oiu- 

Tlw  Midland  Count  in   Railway   Iron  Bridget  over  the 
R  ■.  -    I  i.ui,  near  Sawley.  by  the  Butter1--,  I  on 

Memoir  of  tho   late  Cnptaln    Drummond,  it.L\,   I  uder- 
bccTCtary  of  ilalc  fur  lrc land. 


253. 

Ornamental  Iron  Work,  Gates,  Lodges,  Palisading,  &c,  of  tho  Royal  I'uik*,  in- 
cluding the  Plans  of  Regent's,  Hyde.  St.  JmiieV*.  and  Green  Park*,  with  the 
Entrance*  to  tin-  Saltan'*  Palace  at  Constantinople.  .'•<»  plat***  imperial  4to, 
with  I  totwp—  description  of  the  recent  Improvement*  in  the  Park*,  ami 
the  Entrance  into  London,  half-bound  in  tnorocco^  price  2/  8*. 

THS  FOLLOWINO  IS  A  LIST  OP  THE  SUBJECTS. 


Plttea. 
I.  Omte*  to  the  Royal  Entrance  to  St.  Jame*'*  Park. 
g,  Compartment  of  ditto,  enlarged. 

3.  Plan  of  St.  Jatno'ft  Park. 

4.  Plm  of  Hsde  Park. 

fl.  Plan  of  Urgent*  P-rk. 

0.  Marble  Arch,  Buckingham  Palace;  plan  and  dera- 
tion. 

- .  I'imli'M  l.."lv«'  of  dlUOi  plan  Mid  elevftCion. 

K.  Colonnade,  H>de  Park,  entrance  from  Piccadilly, 
plan  mid  elevation. 

0.  Entrance  of  the  Orcen  Park.  Piccadilly,  front  mid 
ildc  ele%  alion*  and  plan. 

10.  Hyde    Park    Lodge,    front  and   hide  elevations  and 

plan. 

11.  Humane  Society   Receiving  Houac.   plan  and  dera- 

tion. 
It.  Gro*«enor  Lodge,  front  and  tide  elevation*  and  plan. 
13.  Manhnpe  Lodge,  front  anil  ildc  elevation*  and  plan. 
11.  Cuinla-rland  Lodge,    front  and   lido  vlevationa  and 

plan. 
(A.  0l0M<r-iter  l^ktge,  r  It  vat  Ion  anil  plan. 
|&   Hanover  Ixxlge.  rleiatUm  and  plan. 
I".  Lamp  at  Hyde  Park  (  orncr.  wilh  the  delaiU. 
in  Oalv*  centr*  of  Colonnade.  Hjde  Park. 
1U.  Detail*  of  ditto,  •jiiartcr  full  *laa\ 

90.  Kallinj;  .it  tli.  hMd  €if  the  SarptBllttU  Ili«er,    Ii-».»r.' 

Oalra  to  llujal  Knlraiiec,  Dwai f  (Uiling  to  Lodj,-*. 
HvdePark. 

91.  Stanhope  f.*t >■  lUll*,  Hyde  Park. 

;-i    CumlKrland  tiatr  llalli,    Hyda  J'a/k. 

fX  ParUaud  UeUlt>  ul 

Si.  Railing.  Park  Square.  Begent1*  Park. 


FNfM. 

fl*.  Vork  Gain  Railing,  Begmf*  Park. 
VV.  Railing,   York  Terrace,  ditto. 
J7.   Hailing.   I'hrttcr   l'rrracc.  ditto, 
'JH.  Hailing  to  Cambridge  nudGlouc««tctT«ffT%cCft,  ditto. 
j*J,  K#»ot  gale    and   half    of    Carriage- gate.   Can' 
Place,  ditto. 

30.  lulling,  Olouc  ■■'■  r  l.ilr,  ditto. 

31.  Railing,  Clarence  Oaie.  ditto. 

».  Ditto.  ditto.  ditto. 

u.    u.  ihng,  Hanover  Gate*,  ditto. 
M.  Hailing,  >u«wa  Titrmor,  ditto. 
3fi.  Hailing,  Hanover  Terrace,  ditto. 
M.   Lamp  and  Railing,  Chelae*  HntpltfJ. 
J7,   Part*  of  Iron  Work  ditto,  to  a  larger  actio. 
JR.  (.Jtri.  Ilaiaptoa  Court,  (Sir  C.  Hrrn.)  . 

'"'.   Ulttu.  -lire--.  <<ii\,». 

40,  Part*  of  Iron  W.irk,  ditto,  ditto* 

41.  Irrm  Work  of  King'*  .sulrcaaa,  ditto. 

Work  of  gueen'i  Mjitrraw,  ditto. 
ta.  Plan  and    KbfMlou  •>(   I'nttanca  l.o>l|t<*  end   Iron 

Gale*  al  Giwnwloh,  (Sir  C  Wren,  i 
41.   Ditto,  ditto,  largur  acalav 

43,   boo  (iatei  at  tiuiineriliiiry  Park. 
40.  Plan.  Ek*atlon,  ami  Dan  alia  of  ditto, 
i;    <il»l    Him  kinghain    Palace    Lntranw,  IroO   G«tr«   in 

17^7- 
4H.  Lamp,  SUfltna;  Cavlle, 

40«lflO-   Elevatl ''  '-NMllug  it  the  Pilar. 

of  the  (.rarul  Sultan  at  CaanatffltiBOMt 
Tli.     whole    inadw  applicable     aa   working  tfrMWfe 
and  at*  example*  of  a  lupetior  *ty le. 


With  two  beautiful   tcvod-ait*  hv  Mr.  Smith,  of  the  pust  and  pwgapl 
(unices   nt   Hyde   Park   Corner,    WOggattoAi   for   iiiMTlimi.   mid   the    l)niwinp> 
contributed  by  Dccnnn-  linitnu,  Baq«9  Architect,  to  whom  Mr.  WcnJo  ic  mtir h 
indebted  for  other  contributions. 

25*. 

ApPBNMX  A.  nnd  B.  to  TBIMOaVB  OH  BlaUH  jNAVir.Arn.N  iitinn folio,  willi  ioKriptlK 
letter-pros*  to  both  in  4to.      Tho  platen,  22  in  n timber,  exhibit  very  elaborate 
subjects    of   Iron   and    TiiuIkt  Boat!   wlflj  the  BCttUU  Engino,  price    1/ 
Appendix  B.  separate,  for  thow?  who  have  bought  A.,  price  IHt. 


. 


MR.  WEALfc\s  XI  m.I.MKNTARY   LIST. 


255. 
DOMESTIC  AKCHITECTL'RK. 

A  Sim**,  with  a  particular  description,  of  wn'  UMoful  example*  of  Interior* 
Exterior- «f  tl:--  H  I        ry  crrccted  in  Hai 

bouriWd,  principally  in  the  Italian  "tyle,  with  Ornamental  l'Tra*  i 
Verah'i        I  i.  :.    bed   Cottage*,   Sec,   19  jint  plalet  hy  A.  de  <"li  « 
large  *  to.  extra  doth  boards,  price   1/1*.;    in  large   folio,   viti  proo/  pi* 
M  I  U  Od. 

2o«. 

Loxdoh  and  Staixe*  ISntnnKs,  magnificently  drawn  in   Elevations  ai 

B.  Albino,  Esq.,  C.E.,  and  engraTcd  in  tlic  finest  atylo  ot'  art  by  l*. 
I.e  Kcux.  largo  »ixo.     London,  18*. — Btatact,  12*. 

257. 

A  Cataloock  of  Books  oo  tin    irjbja  ta  of  Atv  hitkcture;  Bnoixiumo,  Oi 

Military  and  Mwiuxich;   Naval  AacftrraorcBi.  and  the  Ann   and 
M%yoPArri'RM  of  tlic  Country;  clawed,  with  an   Index,  by  John   W« 

in  8vo,  pri.-r>  j..  c,/. 

Mr). 


ml   the 


Tlic  Tiiavhllkrs'    Club    Houbb,  designed  and   executed   by  Chariea  B;> 
Architect,  with  an  Ewaiy  on  tlic  prwaeot  mate  of  Architectural  8< 
rStml  of  the  Italian  Style  in  Great  Britain,  by  W.  H.  Le«>U; 
by  L<  iig  of  Plana,  Elevation*,  ami  Detail*.  large   tto,   half- 

bound  in  moroero,  price  1 K*. 

••  Tan  U  Ik*  rommirowfil  ..r  •  ..utilicaUga 
•diini*  tht  Mime*  of  aMiurrturr  if M-ir.     •  OB 

»,.,W.  ,,(  IN.    I    m.I  »hUll    li  ...■    I.,  i.    I h 

i  .  ,b.i*ri.  at  an  Imlit-ktMl.  .. 
MhUlnMM  and  •IliricUlCTl,  not  .rely  »«h  iron.  ...  _ u.j....  _  — 
Mil.tlllip:  i.  WW  lb*  athn  draata**  ka«  murfl 

MJartatw  Id  Ik*  yauil.rul  annum .  tmaie only  Iht  *»av 
H  Owl  aaaVfem-  allmtlna   I.  Mt  paid  b.  hi  a,  10  Uul   kind  of  I 


ii  rilur,  r"*h*T"  •*»  '•  i 
■  m  ftnnlrt  I.)  him -.  the  l  .Miami *»  , 
r  fharMwr.  and  to  lhai  a**.h.  .hi.l,  *w)w*W  apaa 


'  Mr.  I***  toybw  hi*  •  Katay  oo  Moarrn  Kniluh  Archlirttun*  by  admtan*.  (a  Mh»  rw^lia-.  km  ,„  Mt 

i    and  (kMiwrf  •  ia*aaaakal  ....»•—  ....   «i  ,. 

II.    fim-i».lHm  UM(.  "- 
lihouth  umu  iht  buUrilaj*  atari 
-aarof  inaiUmhli  taarit.  aa  aba  tncuunto*  out «  fra  ihaa  an.  qnti*  lh»  « 
•  >*l  «h*> Mafht  haa.  hM  trad*a*d  * ......  iltrlpml  uu.)y  and  .mm  uMlo. 

i..t*arltofl  .*,••»  .-label.  «h*«  ■  H  afc^ukj  to  harw  B  tatod 


rironl.  uoaMan  of  miMimw.  «n*m<  by 
dbadaanuumtoadatti  II  baa  tarn  wlifwi  I*  ooaaaawrnr*.     II*  premda  u>  tbam  tax.  -fecAini  ■•  vliai  ha. 
'WIWIW  imlr  o»  tr^w.l  Intily  yaara.  although  amwru-  lh»  hulMltura  mM  aHhln 


.  ._«1a»«*tyof  •vaan.llawnly  yoon.allh 
I  of  inaiHinrill  taaril.  a*  tla.  racuuutor  i 


I  tou.<-. 


i.       i.  •n.i.MwttunkiM*/ iA*<  iUk  ■■nonily  wt»»"1  «iib  mwilibnimi 
,i  h.  if  ooy  tlm,  mow  wl  itafaoTlMlr  nUMta  nfc*4 
■•  Tkjpowl  .*.«.  nt  —if.  w  ikr  rt«»h  nm  H.  t*  IV.  rUl  tUII  fMM.  i 

i  iw.  rnftbb  bulVuw 
!»•  huh*  iw  bniiitM  irf  •  omo»l  m>: 


■M  Uf  bono  hi  «*M  thM  Ik*  cyoi  of  ront#M*»  m.  mV 

•"  •••"■I  ""  •«*•  •<  Hllllly.  .h.1  — ■   /TllT 

— r,1  ..Ik  MOTkkOMM    Of  •  ..iy  4l«"r.l    IM  ll^ T£ 


«.^o*.un^"htaTu  MI.II..--I  ...  ■«.!*- 


.-  H.*NiNrlT#%' 
orrrar,  b.  W  4. 

J.  hA.**...  ..r  m  ,ii  ,i' 


w  •  .i in.i.lu.  lo  »wtii«n  oa  lb*  niMm,  I 

MU  lh*f  *>M«o>BlM*  .«K  |M 

nllrui.n.  >n.1nMMrnulkJM*r  IbM  .  U«. 

-i,i 
noml 

I  lb.  livlkb  b..a<M(.  Ih«  iomlil.i~  IkU  — ,  I.  Iron**  bM-MI  Cb.  Kuormom! 
a>iln*midilblniiilk..ilao.M  imi>«  luminal  .  .IIMlai  ot  M  la  lb*  koM.  . 

Ttwr.b»  ~0»»  »  IboKfttibrl  rU*...  .Sklnl-lltlUn.~Aw.iK.  r"-*».  oo4  oh*.  ,m.  *•  H.  M.4..W*. 
taun  I  H  kw  *Vn  •»*••  ordiy  of  ikw.w.    II  u  (ra*  man  lhai  btoiloru  In  *»  *ian»l  ■Mnirilioi.  aaw  raaan 
•krnaM  of  «»b  m  lb*  oMatb,  «kl 
■lynfi  r~*a  lb*  irrnHokk*  •>**>•  i. 

E5?5 


ii. 

lb*  *na.i 
.  abMM  in. 


I  •  iim  lb*  alb**  la  il.  lallr.  tbal   a  ooaAi 
atawoM.f'.n  .*•»  II  <—  known  lh«l  la*  loo oawnbibi  Ua>a«  u  ilw 
Ik*  Ima  of  paal*«a«irlB«llrr.    TW  nttwiM  *a>M  pro<u*MI  " 
•ark  *«  a.  ob* 

MI.oMUII.It 

I  U*M.  n«r*Vwlrw.  W«l», 


c.  ih*c**ani  raraato 


wtaiaalUy.    TW  attwiM  *a>ri  nto4.aw4  Vi  *»«(4<i«  lo*«A>f  ...oo..  «f 

a,  Ii  la  v.. ..-.i:  .1,1.  nanaoaMka  hu  <u  ln*b*>iaai*  «hira..  an  atlnkfll*.  M.4,*t 
■n»  raaniubbf  Owa  Owl  .*•*.  f*Of  of  aKhllMnra.  .hlrk  I.  Iw|iMI|  to  b*  ma*  w,it.  a> 
Ml-  il— I.  norrtfwlrw.  hM<>,  *u*n»ail*  laanK,  of  Uiau.     TK—  aha  ma;  h*  a*  alaMaal  a**  U  aaaaBBBBBBBBal 
IWM  Ik***  H  mliniKb  In  II.  ad**  all    m*ia*l  a  IVa  alnann  and  noltra,  IM  annw  Mb**  aarml. 
than,  nalkln*  irwniiwa.hu  any  oo*  *bw  atWU  hav.  dan*.    V.i,  in*.,  bw.  aWn.  ha.tr*  —  ■  ■  "in   jn 
atmi'aiw'"'.  ♦>».  a***  ikry  —  ±—  -1    »h»  OwaM  lacr-ih— .  M  bw,  aba  ha*.  ..iwiiiw  u 
alrtf.kaf.  farbameio  *.UI  ifcnnwlY^  o*M  a»aaa  oarart-.*  »  *^aaa>aib  r„,  ib«aiwb.»,~ 

Kid  Ihry  b»«  caaabW  of  batb.  K.  «  lhai  awaaaMy  of  f«am.  aa.l  mom.  a*b*,i  «tMh  •  . 

*j>M>.b..,al  id  *n,  nwW  laf  111  U  awand-kalld  I    •kiliw  U  WW*  baa.  •|M,H...li~a.rf  I 
ajaakanbal  akM™ 


OB.  awaMy  In  .Matl  IM.  tajIMlag  b  itn-amhu,  i  wnl  alanoa  abnaM  akaaa.  b  Ika  p    ||_       a,,^ 

Thrr*  u  iw*  a  aball  i  .*.  .<  *a*aaral 


■  ■nth  b  uai  —  „  (Marain 

loabai 
-    baraaw*  II  b  p.*.  ,  ,a«.a< 


aaaanaad  .*a  rrary  rawi.    Tht**  b  uat  a  «it<b  mrf.it.r.  1*1  lia  a 
aaadbd  and  auitwd  up,  aa  alii  h*  rrfcfcml  oa  aianlnlM  in*  pi 
at.  lb*  a****  of  lh»  .b.alwna.  rwmtnlaaW  of  lhai  <d  lb*  aai 
Mtalah.ii.    TkbaaaMyuf  aabn  aan  kaadly  baiaoi- 
arbtrk  *»  an  afl  to  a*  <aw*4oa.      Ilaacr  Ilw 
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